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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF SCIENCE AND TECHNOLOGY POLICY 

WASHINGTON, D.C. 20506 



February 26, 1986 



Dear Dr. McTague: 

I have the pleasure of transmitting to you the Report of the 
White llouse Science Council's Pane^ on the Health of the U.S. 
Colleges and Universities, chaired by David Packard th 
Allan Bromley as Vice Chairrnan. 

The Report, entitled A Renewed Partnership , was discussed in 
detail with the members of the Science Council and comes to 
you with their unanimous support. 

Both personally and on behalf of the Science Council, I wish 
to take this occasion to express to the Panel members my 
appreciation of all the effort that they have devoted to this 
important study. They have identified the critical issties 
that must be addressed if we are to retain our national 
leadership in areas of science and technology that are of 
central importance to our national future. Their recommen- 
dations spell out a national plan of action tliat merits 
serious and immediate attention. 



Dr. John P. McTague 
Acting Director 

Office of Science and Technology Policy 
Executive Office of the Pres ident 
The White House 
Washington, D.C. 20506 




' So 1 omo rtT3 uch sba um 
Chairman 

White House Science Council 
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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF SCIENCE AND TECHNOLOGY POLICY 

WASHINGTON. D.C. 20506 



February 24, 1986 



Dr. Solomon Buchsbaum 
Chairman 

White House Science Council 
Washington, D.C. 20506 

Dear Dr. Buchsbaum: 

The Panel on the Health of the U.S. Colleges and Universities 
which you established on May 3, 1982 and which I have had the 
pleasure of chairing has completed its task, and now transmits 
to you, herewith, its unanimous Report entitled A Renewed 
Partnership . 

We have benefited greatly from input received from representatives 
of over one hundred universities and colleges and from over forty 
private sector organizations. This input has bolstered our belief 
that we still enjoy, in this country, the benefits of the world's 
strongest scientific and technological enterprise. But at the 
same tinie, it raises disturbing problems and questions concerning 
both the short- and long-term health of this enterprise. 

In our Report, we address these problems and questions and make 
specific recommendations directed to each of the Federal Government, 
the universities and the private industries. Although we recognize 
fully that it will be difficult, particularly under our present 
national fiscal stringencies, to implement ail these recommendations, 
we are confident that their implementation will ensure the continued 
health and vitality of a higher education system that has served 
this Nation well. 
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PREAMBLE 



AnicriLa has a unique dcpciuleriLV upon its collcecs anJ 
univLrsilics both tor new knowledge and tor \oiMii: ninuls 
trained to u^c this knov icdge in innovative wa\ s, the cxceiiene*? 
ot oui colleges and universities has been a cornerstone ot oui 
eeononu': well being, our national seeuntv, and the health and 
qualitv ot lite of our citi/ens But, as emphasized bv the White 
Mouse Science Council Panel on the Mealth ot V S Colleges 
and I'niversities, the strength and excellence ot this higher 
education enterprise is at a transition point, and can no longer be 
taken tor granted 

At a time when ever greater demands are being made on our 
research universities they lind themselves, after more than a 
decade ot belt tighiening and retrenchment, with aging facul- 
ties, obsolete equipment and growing shortages ot both lacultv 
and students in iiianv important areas 

The problems discussed in this Panel Report are verv real and 
verv important And the Panel .s entirely correct in its con- 
clusion that increased support, important as that will be, is not, 
in itsell, sutticient to ensure the health ol our svstem ot higher 
education What is most needed is a re examination :Mid restruc- 
turing of the relationships that have evolved among the federal 
government, th^ universities, and U S industries 

Recogni/ing the povvertul dividends, both short- and long- 
term, reaped fn)ni our universities and colleges, nianv sectors ot 
societv — including state governments, industry, foundations 
and private individuals — have increased their support ot eduLa- 
tional institutions in recent years This commendable commit- 
ment to sustained academic excellence retlects a recognition 
that, just as these benelits accrue io all, so also must the costs be 
shared by all 

This Administration has made a concerted el tort to maintain 
the NatuMrs preeminence in an age ot rapid technological 
change and intense international competition This is evident in 
the broad measures taken to spur continued economic growth 
and competitiveness, including reducing the tedcral deficit, 
reducing taxes and elm mating unnecessary reg *' tion It is aho 
retlected m this Administration\ provision o( increased real 
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funding tor bas»c SLientniL and engineering research, totaling 30 
perLcnt since I9SL' cspeciallv in our ciilkges and universities 

As the Panel emphasizes, however, while these actions have 
been criticallv important, much remains to be done to otYset the 
neglect of the prior decade It is esseniial that we return to the 
view that federal — and industrial — support ot university re- 
search and education is an investment in our national tuturc 
rather than procurement of necessar> products and services 
Mtireover, while the returns Irom basic research may in some 
cases be long-term, that represented by the How of young 
scientists and engineers trained in the course of this research is 
immediate and of critical importance 

The Panel presents us with a detailed and careful analysis of 
the need to develop an ertcLtive go\'ernmenl-universily-induslry 
partnership it we are to maintain our position in an increasingly 
technological and increasingly competitive world They have 
made specific recommendations to this end and to the mainte- 
naiKC ot the health and vitality of our universities and colleges 

I believe that their Report deserves the thoughtful considera- 
tion ot everv citi/en, and I share the Panel's optimism that, given 
the partnership and the support recommended, our universities 
will respond enthusiastically and effectively to the challenges 
ahead This 'vport provides an important frame of reference 
against which to nieasur: our progress and chart our national 
course 

I he road ahead will not be an easy one; but it is the road that, 
tor the national good, we must pursue Scientists and engineers 
have a speciai responsibilitv to inl\)riii themselves about the 
issues addressed in this Report and then, as individuals, to lake 
action in support ol a strong and vital national science and 
tCLhnologv base 

The Panel has devoted much thought and effort to their 
Report, and I would take this opportunit> to express to its 
members mv deep appreciation I take pleasure in commending 
this Report to aM loaders — scientist and nonscientist alike — as 
an important contribution :o the charting of our national future. 

John P M( Toi^uc 
/UtiHi^ S( icfH c A(l\i\or to the President 
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I. EXECUTIVE SUMMARY 



1, Overview 

The health o\ V S socicls is unique!) eoupled to thai ot it » 
uni\ersities To a greater uegree than an\ -ither countr\ this 
Nation looks to its iiiii\ersities h nh lor new knowlediie and loi 
vounii trained minds prepared to use it etfeetuel) But just at a 
time when nuieh is e\peeted(^t our unuersities, alter more than 
a decade of retrenchment and belt tightening, the\ Imd them- 
selves with obsolete equipnv^nt. aging facilities, and growing 
shortages of both taeult\ members and students m man\ impor- 
tant tields 

In lesponse to a request Irom former Science Adv.sor to the 
President. George A Ke\ worth, tor recommendations on how 
to ensure the universities' long-term abilit> to provide the talent 
and research necessar\ tor the Nation's scientific enterprise, the 
White House Science Council established the Panel on the 
Health of I' S Colleges and Universities Its membership in- 
cludes repasentatives from the research communit>, both aca- 
demic and nonacademic This report is the result ot their stud\ 

To assess the universit) system's future, the Panel asked— 
among others — the tollovsing questions Are our universities 
attracting the best students into .science and engineering ^ Is the 
education and training provided adequate to prepare the next 
generation ol scientists and engineers for the challenges of the 
21st centur\ "^ Will our universities be able to respond appropri- 
atel\ as these demands change? Do the environment and support 
allow lesearchers to be optimal! v productive'^ 

The answers to these questions cause us concern The prob- 
lems are real and ubiquitous 

We are certain! \ not alone in recogni/ing that science and 
technolog\ are critical to our tuture Nations e\*^r> where are 
investing in these capabilities We conclude that we must rethink 
and, in many wa>s, rebuddthe critically important interactions 
between universities, government, and industry that have served 
this Nation so well in the past The lederal government- 
universitv relationship is too tundamental to the maintenance ot 
our national s»*ience and technology base to be taken tor 
granted, and the industrv -university partnership is emerging as 
critical to exploiting that base in ord .r to compete in the world 
marketplace 

One conclusion is clear: our universities toda> simply 
cannot respond to society's expectations for thern or dis- 
charge their national responsibilities in research and educa- 
tion without substantially increased support, hederal sapport 



()t universitv re earth as a percentage ot the gross national 
pioduct peaked m I%S and reached a low point in 1978 After 
increases in 1979 and 1980. it has declined m the I98()\ (Figure 
I) In 1984, onl\ S8 billion of the nearly SlOO billion m l(>tal 
national research and development was pertbrnied m un: er- 
sities, a level that simply does not reflect our dependence on the 
availability of the most able technical talent An economy 
whose growth prospect\ depend upon maintaining a competitive 
edge in technology must look to an increasing — not de';reas- 
ing — emphasis on the source of this technical talent It is time to 
take an honest look at w hat the real costs of university-based 
research are and how they should be borne Wc must return to 
the viewpoint that federal support ot such research is a long-term 
investment in the Nation \ luturc rather than the procurement of 
a necessary pioduct 

The strength ot the nation in trade, defense, and health has 
been directly related to past investments in science and tech- 
nology Our tuture position in global market^ will similarly 
depend on our wiUiiigness to respond to opportunity and to 
mobili/e our strengths today To this end, we must promote a 
broad interdisciplinary approach to problem-solving by focus- 
ing on university -based centers that will improve cooperative 
linkages between scientists, engineers, and industry 

It we are to have an acceptable future in an increasmgl/ 
technological and competitive world, and if we are to respond 
adequately to national needs in areas of economic competi- 
tiveness, national security, and quality of lite for all our citizens, 
the time has '*onie when a new partnership involving all three, 
the tcderal government, universities and the private sector, must 
be torged And we must be realistic about the very real limita- 
tions on the extent to which industrial support of basic reseaich, 
important as it is, can replace that from the lederal government 

In the summary which follows, we present the Pin el's major 
Inutings and recommendations, We bel eve that they demand the 
attention of the nation, and that it they are implemented, our 
universities will respond enthusiastically and effectively. Our 
present leadership in international science and technology is 
challenged, indeed, many consider it tragile and endangered. 
We arc confident that the actions we recommend will allow us ij 
retain this leadership We cannot afford less 

2. Findings 

• A healthy university system is the basis loi o future In 
any I ank ingot priorities tor allocating R&l) support- -both 
federal and private - universities must rank (irsl 
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• Demands ftir ncvs talent and nevs knc ^ediie have ne\cr 
been greater Universities will nut be able tn respond \o 
these grov^mg needs without increased federal support In 
particular we e* 'ourage cuntinuatinn o\ present adniin- 
istratuin policies [o lurther increase basic research as a 
tiactuin (it tiital national R&D tunding 

• Of -^jual importance with the lesei ol tunding is the sta- 
bih/ation o\ federal support to permit more t llective use ot 
Imancial and human resources I he most ambitious re- 
search requires lung lead times lor preparation and incuba- 
tion Research groups are exceedingly fragile, once dis- 
banded. the> can raielv be reassembled In the absence ol 
stabilitv and predidiihilitv. important opportunities have 
been lost, scarce resources have been used inetlicicnilv 
and. most serious, some ot the biiglitest young minds in 
each recent Lieneration ha\e been lost to science and 
technologv 

• The uiinersities theniscKe^ must share the responsibilitv 
toi the deterioration ot their health and capabilitv In at- 
tempting to ride out what v\ere hoped to be tempoiaiv 
budget shortfalls, thev mortj.iged their research tuiuics 
loo often Using limited luiids to maintain rcseaicli person- 
nel ralhei than unesiing in needed iiistruiiieiitatioii oi 
faLilitics Moieover. reseaich lacullv meiiibeis ha\e them- 



selves too often forgone high -risk exploratoiy research 
winch, were it to succeed, could ha\e impressive pavoff 

• State and local governments as well as private phi- 
lanlhropv. pla\ a \ital role Their initial investments de- 
velop the structures and progiaiiis that make uiuveisities 
competitive tor federal investment, and they piovide re- 
sources by which academic institutions pieseue then au- 
toiioiiiv and divcrsitv Moreover, such suppoit is a majoi 
clement ol the shared icsponsibilitv that tvpifies the pies- 
enl university-federal goveiiiiiieiit paitiieisinp 

• riic diversitv of our college and Ui^'sersitv system is an 
cssciit'al elcmept ot its strength 

• In lecognition of the leadciship demands that oui societv 
will place upon them, it is essential that mcLlianisms be 
de\ eloped loi eailv identifiLjtioii and suppoit ol oui most 
able vouth 

• Strong uiii\cisit\-gineriiiiieiit-iiii!usi » paitneislups aie 
tumlaiiiental to meetiii*: oui goals in economic LOiiipeti- 
tisciiess. national secuntv. agiiciiltLic. health, ant! in nr. 
pioving the qualitv ot lite ot oui cili/ens 

3. Recommendations 

A. To maintain the strong science base essential to our 
national fiitnrc, v^e reccniunend that; 
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1 The tcdcral izcncrnnienl make subsianiialK iircalcr .n- 
vcslnienls in our cenlcrs of icarninv: in the 19S()\ and 
199()\ than the I97()\ The rcconiniLMulalions set 
torlh in this rc, )rl. ir:hc\ arc to be inipkMiicnlcd tulK, 
require significant increases in tinancial support The 
source of such funding in thLsc tinie>ot tiscal stnngenL\ 
IS not oh ou , Reallocation ot * IlD appropriations ap- 
pears to be the most probable source, but we bcheve that 
mcrementui new fuiiding will be recjjired In an\ case, 
we emphasize that this tcdcral investment, at iiunimum. 
must keep pace with tkj overall nationa' investment ;ii 
R&D, af the current rate of grow th it will double in ten 
years More rapid growth is essential if our universities 
are to meet the burgetining dcmao'S being made upon 
thciii from almost every sector ot our society The federal 
government is the on!) practical source of funding tor the 
major paM of this growth. 

2 The federal government support a niai 'tiativc to 
establish university-based interdisciplinary, problem- 
oriented research and technology centers directed to 
problems of broad national needs and relevant to indus- 
trial techmilogy 

3 The federal government bear its full share of the C( st ot 
the university research it supports 

B. To build a solid partnership among the federal go\ern- 
ment, industry, and universities; to enable ^he university 
infrastructures to keep pace with research and educa- 
tional needs; and to assure that the universities are able 
to pursue research ,^nd i»(Ju cation effectively, we recom- 
mend tha^: 

1 Federal policies recognize that the costs of umversit) 
research facihties and equipment are a necLssary part ot 
federally sponsored, universiiy-based research costs 

2 The portion of federal research grants and contracts that 
reimburse universii.o for use or depreciation of facilities 
and equipment (use allowances) be based on realistic 
useful lifetimes 

a Useful life ot buildings and facilities should be re- 
duced from the present level of 50 years to 20 years 
b Useful life of equipment and instrumentation should 
be reduced from the present level of 1 5 years to 5 to 
10 years, depending on the class of equipment. 
These changes, which do no more than inject real it v into 
the costs of doing research, will increase substantialK 
the indirect fraction of total costs This increase should 
not be drawn from direct research costs but trom real- 
location ot funds from other sources 

3 To allow U.S universities to restore ♦heir infrastructures 
in a timely fashion, a facilities fund be established v\itliin 
NSF for each of the next ten years And that in orJei to 
encourage excellence. 

a All proposals submitted to this tacilities hind should 
be subjected to peci »*evic\v within the scienMlic oi 
technological community involved, and 
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b All awards tiom the fund should be made on i 50 50 
matching basis with iioii-tedeial tundiii^ 

4 Hn> reorgaiii/ation ot the tedcial tax code iec(*gni/e the 
importance ot increased iiKkis(i\-uni\eisit\ intciaction 
A 25 percent iion mere mental tax cicJit sliould be estab- 
lished tor industrial funding ot uni\ersit\ reseaKh and 
tor industry-suppoited maintenance and servicing of 
uiip.crsit) equipment A tax deduction equal to the full 
I larket value ot all mdustriallv coniributed equipment 
should be established 

C. lo h nimize controvers> and friction concerning the 
reimbursement of indirect costs. Me recommend that: 

1 Reimbursements tor adminr.trative costs \\ ithin the indi- 
rect cost category be fixed at a uniform percentage of 
modified total direct costs That percentage should be the 
mean national percentage over •<) five-year . istorical 
period, and the adjustments sh'^iuid be phased in over a 
two-year period to allow those uni\ ersities now charging 
more than the new fixed rate to plan for reduction This 
change w ill eliminate much of the need for faculty effort 
reporting 

2 The formal requirement for cost-sharing be eliminated 

3 I'he paperwork burden associated u ^h grant and con- 
tract administration be reduced to a minimum In 
Panel's view, Ml faculty effort uporting should be 
eliminated 

4 All federal agencies supporting university research 
adopt the NSF practice of including the in(iirecl costs in 
the proieet budget subject to peer review 

D. In order that the university environment be conduci>e to 
high-quality research and education; that it be attractive 
to the best minds; and to increase the effectiveness \\\ih 
which federal funding is used for research, Me recom- 
mend that: 

1 hedera' agencies work tov\ard ar average grant or con- 
tract duration of at least three, and prefeiab!) live, years 

2 Investigators be free to use up to 10 percc it of their grant 
or contract support on a lull) disc ret ion iiry basis and be 
permitted to carrv unexpended funds f( rward from one 
fiscal year to the ne<t 

3 I-edeial agencies make grcatei use of block giants or 
contracts to su'^ . .irt groups ot investigators having 
shared research inteiests 

4 For greater tlcxihilitv, to facilitate changes in an inves- 
tigators field of research, and to suppoit high-nsk le- 
seaicli, federal agLiicies, except in the cases of \oung 
investigators, pKiLC substantial! v moic cmph.>sis upon 
the reseaicli histoi) of the investigatoi and less on the 
pioposed rcsLarili pio|ect in making awauls 
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K. To ideiitif> and educate our most talented \outh more 
e(Tect*\el>, and to enable experienced scientists and engi- 
neers (0 continue to contribute their skills in a changing 
technolo^i%al ep\ironmv t, ne recommend that: 

I A suh^^'uintiy' program ot nicril-bascd. portable schol- 
arships be esiabh^hcd b\ the federal governnienl at the 
undergraduate level Parallel programs should be '.estab- 
lished b\ industries having signihcant dependence upon 
universitN research and education The national goal 
should be tor the most able 1 percent ot the undergradu- 
ate students in mathematics, engineering, and the natural 
sciences entering colleges or universities each vear to be 
supported under these programs This program is recom- 
mended as an addition to. not a substitution for. existing 
need-based federal assistance programs 



2 Substantial program - ot multiyeai nieiit-l)ased tel- 
lovv ships, both tederal and HKlustrial. be established in 
science, mathematics, and engineeiing at the graduate 
level Rellecting national needs, the held distribution ol 
these lellovv ships would be e\pected to change over 
time 

} I'niversities encourage interdisciplinary activities al the 
graduate level while retaining the essential quality con- 
tiol t unction now pla>ed b\ the traditioi il disciplinarv 
departments 

4 Industries and rniversities develop attractive continuing 
education pr igrams for engineers and scientists that are 
matched to ^.ontemporarv industrial requirements anc to 
modeni science and technologv 
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On tlh'wiulom with wliufi hnni^ s< u mc to ih'iu in the 'w// iix^mnst iIisclim'. m the i wation of new mJustncs ami m the stivni^thenmi* iff 
nm Aimed hoii cs dcpcmis in l(in>c incasuw out fntuw its a nation 

\'annc\at Hush 

Slicikc, I'ho hndloss Frontier 
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How \Nc, as a nalioii. succeed m achieving our goals in 
mailers ot heallh, economic strength and national security will 
depend critically on hou ettectively we deploy our science and 
technology. This, in turn, depends upon the strength of our 
science and technology base — upon the How of new know ledge 
and ot trained personnel equipped to utili/c that knowledge 
etteclivcly. As was vividly demonstrated in the radar, aUiniic 
energy and medical care advunces ti'inng World War 11, tech- 
nological developments draw upon a reservoir ot basic research 
m science and engineering, i ad upon the iiiiaginatioii and 
creativity of broadK educated scientists and engineers Indeed, 
cur society's recognition ot" this dependence underlies the 
tederal support which has given us, in the U S , one ot the 
world's strongest science and technology enterprises 

Both science and technology are advancing at an unprece- 
dented pace and are strongly affecting the daily lives ot our 
ciii/ens, rarely, t everbetorc. have such revolutionary changes 
and advances occurred simultaneously across the entire spec- 
liuni of the sciences Such rapid change poses t'undamental 
challer.ges and equally fundamental opportunities, if we are to 
respond effectively to these challenges and opportunities, we 
need, more than ever, an increasing flow of new know led.^'e and 
of trained personnel — a stronger national science and icch- 
nology base. In this country, we are uniquely dependent upon 
our universities for both basic research and high education, 
perhaps our greatest strength here has neen our insistence that 
the two are i;. .c parable and symbiotic 

But just when much is expected ot our universities, nian\ 
have expressed grow ing concern about their ability to respond to 
national needs 1 1,-: comments we have received Iroin leaders in 
universities, industry, and government suggest that there are 
serious problems in the availability of modern research instru- 
mentation and facilities, »hat overall tunding levels are too low 
to provide appropriate siabilitv to existing research groups as 
well as allow the entry ot promising young investigators, that 
government regulations impose uniiecessarv administrative and 
accounting burdens, and that training in many fields is inade- 
quate tor s(/Cielal needs Despite increased support in recent 



vears, attcr more than a decade ot level funding, of growing 
triction in the tederal government-university interaction, of 
inadequate indu »y-university conununication or cooperation, 
and of student s a faculty shortages in many critical fields, the 
U S university system, long the envy of the world, IS now under 
stress The White House Science Council Panel on the Heallh of 
U S Colleges and Universities was appointed by Dr Solomon J. 
Buchsbauiii, Chairman of the Council, and by Dr George A. 
KeywcMth, Science Advisor to the President, and was charged 
with an examination of the present health of our university 
system and with the tbrni'^lation of policy recommendations 
designed to ensure that our universities would be able to respond 
to the grow 1 rig national demands upon them 

In our "-tudy, we have tocused upon the natural sciences and 
engineering, but the health of the entire spectrum of American 
education — from chemistry to computer science to the classics 
— IS important to oui national future In a society of ever 
increasing scientitic and technical complexity, etfective citizen 
participation requires a degree of scientitic and technological 
literacy that allow s appreciation of ihecenlral issues involved, if 
not direct participation in their resolution, On the other hand, 
the Nation can ill aftord generations of scientists and engineers 
unable to appreciate the economic and social consequences of 
their w.)rk or the underpinning of values and moral judgments 
that are the primary focus ot the humanist 

The reader will lind in this Report a brief discussion of the 
need for imiversity-based research (Chapter IV). In Chapter V, 
we toe us upon the costs ot academic science and engineering, 
with particular reterence to the queMion ot indirect costs which 
have been a root cause of much ot the growing friction and 
alienation between univeisities and the ieder. . government. 
Finally, in Cnapter VI, we consider the environment tor aca- 
demic science and education, and the opportunities and respon- 
sibilities that government, industry, and the universities each 
lace in making it more effective 

Aftei each ot these chapters, we collect our primary lindings 
and recommendations for the reader's convenience, ihe major 
ones are again presented in the second part of our Executive 
Summaiy 
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m. THE NEED FOR UNIVERSITY-BASED 

RESEARCH 

The value (if fundamental research does not he only in the ideas it produces There is more to it It affects the whole intellectual life of a 
nation by determining its uwv r/ thinking and the standards by which ac tions and intellectual produc turn are judged . An atmosphere 
cf creativm is established which permeates every cultural frontier Applied science and technology arejorced to adjust ihemselves to the 
highest intellectual standards which are developed in the basic sciences Fundamental re sea ch sets the standards of modern 
scientific thought: it creates the intellectual climate m which our modern civilization flourishes It pumps the lifeblood of idea and 
inventiveness not only into the technologic al laboratories and factories , but into ever\ cultiu o ' activity of our time The case for generous 
support for pure and fundamental science ;s as simple as that 

V F Weisskopf 

Bulletin of the Atomic Scientists 
Apul 1965 



1. Introduction 

From the beginning of tL.s nation, its genius has been the 
speedy and effective conversion of new knowledge into useful 
goods and services. In our earliest days we tended to draw upon 
the reservoirs of basic discovery filled elsewhere — particularly 
in Europe; our aim was its conversion to practical use. Our focus 
was on the mastery of nature rather than its understanding — on 
invention rather than natural philosophy — and the two were 
considered quite distinct and separable until the pressures of 
World War 11 demonstrated their intricate and e^^sential connec- 
tions. These connections can be subtle and indirect. Basic 
research — the understanding of nature — is not necessarily 
linked to any specific technological orientation; the engineer or 
technologist cannot tell in advance what basic research result 
may be of greatest relevance to his work. Some basic research — 
that leading to X-rays, for example — may find important medi- 
cal and technological applications within months .^f the onginal 
discovery. This, however is not the common experience. Much 
basic research is not translated into application for decades after 
discovery 

Reflecting the enormous spread in lag times brtVveen discov- 
ery and application, it is very difficult, if not impossible, to 
document a very general visceral feeling shared by the I^nel 
members and by a very large fraction of the scientific and 
technical community that the process of utilization- -the transfer 
of new knowledge into goods and services — is accelerating 
This may not reflect a change in the fundamental mechanisms 
whereby these transfers are accomplished, but rather a rapidly 
growing recognition of the potential benefits to be derived from 
the possible applications of scientific and engineering discov- 



enes and the increase in the number of individuals qualified lo, 
and interested in, making such applications- 

This is more obvious when we consider the international 
marketplace in which we now function. For several decades 
following World War II, liie US. set the style and pace of 
scientific and technological activities worldwide. We chose 
those areas which were to receive emphasis. This situation is 
now dramatically different, not because of any slackening on 
our part , but s'lnply because the rest of the world is catching up, 
and, in a few areas, surpassing us in the ability to discover and 
exploit new knowledge. 

It has become increasingly important that the basic research 
reservoirs from which all draw in a technological world be kept 
filled for use by engineers and scientists devoted to the produc- 
tion of goods and services for society. The interaction between 
basic science and technology is one of symbiosis. Basic science 
has continued to press the frontiers of knowledge and at the same 
time has been dependent upon the s!.ill and ingenuity of engi- 
neers for Its progress By participating in the achievement of 
national goals, basic research is made no less pure, no less 
exciting; it is, however, made more challenging, more reward- 
ing, arid rrore important when better appreciated and better 
utilized. 

Basic science frequently finds entirely new challenges and 
new directions from the needs of the world. There are many 
examples from which we select three: DNA in biology was 
discovered as the outcome of a »tudy of the scourge of pneu- 
monia; complexity theory in abstract mathematics was dis- 
covered as an outcome of attempts to jnders*and the functioning 
of simple electronic computers; and uiilve"sal cosmic black 
body radiation in astrophysics was discovered us the outcome of 
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an allcnipl u^ understand the source ot noise in satellite com- 
munications s\ stems 

It IS the combmation ot new knowlediie troin basic reseaith 
and of minds that can appreciate the practical applitations that 
pniside the most fertile source ol innosation 

2. Graduate Education and Research 

As graduate education flowered in this countrv's uni\ rsities 
in the latter part of the nineteenth and early part ot the twentieth 
centuries its industrial support flowed from a recognition of the 
universities' importance in the education of scientists and engi- 
neers and ihe discovery of new knowledge. Both wen: uiider- 
st(H)d as essential to progress It was only with World War II. 
howeser — and the scientific and engineering triumphs of radar, 
atomic energy, medical care and the like — that U S society 
more full> recognized the importance of basic research and. 
more particularly, its potential importance in matters of health, 
national security and economic strength It is this recognition 
that lay behind the subsequent great increase in lederal support 
of U S university research activity. 

From the outset of graduate education in the U S . par- 
ticularly in science and engineering, an intimate connection 
betv\een education and research has been considered fundamen- 
tal to the production of creative scientists and engineers Our 
ftxus on this linkage has served the Nation well Very much a 
part of this focus is the fact that most of U S. basic research is 
conducted in our universities, making these universities criticii! 
to our national science and technology enterprise A strong 
confirmation of the efTectiveness of our university system in- 
deed comes from the number of foreign students studying sci- 
ence and engineering in this country 

Since most basic research can rarely be perceived in terms of 
specific products and ser ices. and given the long-range nature 
of such rese irch. private mdustry does not often support a high 
level of basic research If one thing has become clear in recent 
decades, it is that the fruits of basic research provide benefits for 
all of s(Kiety, frequently in ways not visible initially to any ot t^e 
p4.rtic»oants. It is for these reasons that the federal government 
has . come, and remains, the primary supporter of basic re- 
.search in this country 

3. Federal Support of University Research 

The major surge m federal support for scientific research in 
universities came as a consequence of the experiences of the 
Second World War In particular, the prewar-postwar transition 
IS epitomized by the report Siieme, the Endless Frontier, and 
the agency to which it led, the National Science Foundation 
(NSF). The report, prepared by Vanrevar Bush in 1945 at the 
request of President Truman, for the first time articulated a 
federal policy which accepted responsibility for the support of 
research, and of basic research in particular Establishment of 
NSF in 1950 was the logical outcome of this policy. In contrast 
to the targeted support of mission agencies, the National Sci- 
ence Foundation Act of 1950 directed that the objective of the 
Foundation be *\ . to strengthen research and education in the 
sciences, including mdependent research by individuals . 



I his language cleaiiv indicated that the purpose of lederal 
insoUeiiient should be in the natuie ot an invesinwfit in research 
Spuircd also bv Sputnik in 1957, the lesult was a strong influx of 
funds into R&I) general Iv and into the universities speeificaliv 
As shown in lable I and Figure 2. from >953 lo I96I tederai 
funding ot R&D increased 14 percent annually, in constant 
dollars The rate of increase in federal funding at universities 
reached its peak between I95K and 1964, increasing an average 
21 8 percent annually, in constant dollars (Figure 3) 

In 1968-1969 howeser. growth came abruptly to a halt, and 
tor the next decade showed essentially no increase ;n real terms 
Although the universities increased their own expenditures in 
R&I) almost 50 percent during this period (Figure 4). th;s could 
not e\en come close to providing a reasonable rate of growth tor 
the system 

In parallel with this halt in funding, was a halt in the growth of 
manpower engaged in university R&D Between 1954 and 
1968. full-time scientists and engineers engaged in R&D at 
universities incrcus'^d more than two-fold and the graduate 
student population more than tripled. However, between 1968 
and 1974 growth in these groups was essentially zero (Table 2) 

The damage resulting from this long period of stasis and 
decay cannot be overestimated. Since universities conduct more 
than 60 percent of the basic research performed in this country, 
the absence ot growth was reflected in a significant deterioration 
in this nation s ability to promote technological advances In an 
era when science and technology are the key to economic 
success, such a decline implies a drop in the standard of living of 
all members v)f the society, and indeed poses a threat to the 
future of this country in international competitiveness 

No less serious is the loss of trained manpower, and tor the 
same reasons Graduate training is essential to providing indus- 
try, academia. and the federal establishments with individuals 
capable of initiating, exploiting, and maintaining teclinologicil 
advances And even beyond this, the Imv^itions on the univer- 
sities* ability to provide educational opportunities adequate in 
either scope or quality limited the ability of a significant propor- 
tion of our youth to reach their full potential This represents a 
tragic loss not only for the individuals involved, but also for 
society as a whole. 

During this period ot stagnation, several specific phenomena 
occurred which have affected the capabilities of the universities 
to this day. Direct federal support of R&D plant in the univer- 

Tabi9 1 : Average Annual Change in National R&D Funding 
1953-19G4 

(In Percent) 



Current Constant 
Dollars Hollars 



Year 


Total 


Federal 


Non- 
Federal 


Total 


Federa' 


Non- 
Federal 


1953-61 


13 7% 


16 4% 


10 0% 


11 4% 


14 0% 


7 7% 


1961-67 


83 


76 


9 5 


60 


53 


72 


1967-75 


54 


2 9 


87 


7 


30 


24 


1975-79 


100 


9 1 


11 0 


35 


26 


45 


1979-84 


11 9 


108 


127 


49 


39 


59 



SOURCE National Science Foundation. National Patterns of Science 
and Technology Resources, 1984 
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siiies dropped from $21 L7 million (in 1972 constant dollars} in 
1966, to $19.5 million in 1981. In 1966, the percentage of the 
biidgel of NIH research grants devoted to instrumentation was 
II 7 percent (Figure 5) For NSF the comparable value in 1966 
was 11.2 percent By 1982. this percentage was about 4 5 
percent for NIH and 9 percent f(^r NSF Since NIH and NSF have 
consisianily contributed two-thirds of the federal support for 
university instrumentation, these decreases clearly have been 
significani The inadequacy and decay of the physical plant . and 
the obsolescence of the equipment pool have been extensively 
d(K*umented in recent years (Figure 6) There can be little doubt 
;hai \hf^i 'cverely limit the research productivity and creativity 
of the universities 

4. Increasing Costs of Research 

In addinoii to the general inflation which atfects the broader 
reaches of society, there is another form ot cost increase intrinsic 
to much research and technological progress Major advances 
can still result from individual genius and from simple pencil 
and paper studies, but it is fundamental to the nature of em- 
pirical research in any field that each new experiment tends to 
require more sophisticated equipment, more complex tech- 
niques, more adept and creative researchers, and purer mate- 



rials, for example. This simply reflects the increasing difficulty 
with which deeper understanding is wrested from nature. It 
appears in virtually eveiy field of science In medical research, 
simple X-ray machines that once provided invaluable informa- 
tion to researchers and physicians now are little used, but have 
been replaced by more capable (and more complex and more 
expensive) computer-assisted tomograph) (CAT) scanners and 
nuclear magnetic resonance (NMR) machines In particle phys- 
ics, simple bubble chambers are no longer capable of providing 
new insight to scientists; huge and much more sophisticated 
detectors with real-time links to very large computers to process 
huge volumes of new data are required Indeed, in virtually 
every area of research, investigators now use and require exten- 
sive computer time, where not many years ago it simply did not 
exist Evidence suggests tliat nonpersonnel costs of high tech- 
nology R&D have risen some 50 percent faster than ha^ the 
consunici price index 

5. Investment or Procurement? 

iVrhaps most important, the decline in the growth of federal 
support coincided with a change in the way the federal govern- 
ment viewed its involvement with universities and universily- 
hased research From an emphasis on long-term investment 
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there nas been a progressive shift to a procurement approach and 
philosophy. This is evident from the data on investment in 
capital equipment and facilities. In addition, the imposition of 
onerous accounting pro* edures has produced an unnecessary 
cost burden, and has severely restricted the ability of individual 
investigators and institutions to respond promptly and effec- 
tively to new opportunities. The operation of the project grant 
system has shifted from primary reliance on the capabilities and 
vision of talented investigators, to msistence on the detailed 
presentation and achievemeui of specific goals. 

This 'ack of trust and confidence in our investigators and 
research institutions appears to the Pane! to be totally un- 
justified The university system has served this country well in 
its primary missions— the conduct of basic research and the 
training v young minds The adversarial relationship which has 
developed in many areas of university-government relations, as 
in assessment of inoirect costs (see next chapter), is damaging 
both parties in their common pursuit of the goal of a better 
national future 

It must also be said, however, that the blame for deterioration 
in the health of the American university research systtin must be 
shared. Universities, by and large, had little choice but to t tke a 
short-range perspective in managing their sources In general, 
each years decline in federal support was rationalized as a 



temporary aberration from the natural order. Consequently, 
liniversities tended to defer decisions on long-term needs in an 
attempt to protect, in the short term, their most valuable assets, 
their people Although this policy was understandable, it repre- 
sents a failure in management and planning, and universities are 
now living with its consequences. 

6. Rebuilding University Research 

The decline between 1968 and 1975 in growth of federal 
funding of research has been reversed in recent years. Beginning 
in 1975, total federally supported R&D has increased steadily. 
Between 1981 and 1984, Federal support for R&D increased by 
14.3 percent and for basic research by 7 1 percent (per Figure 
7). A concentrated effort, however, will be needed during the 
next few years to sustain thevse recent support trends. The Panel 
IS unanimous in its view that the Nation s demand for talent and 
for new knowledge will not be met without a substantially 
greater federal investment in university research — with much of 
the increase devoted to upgrading and strengthening of the 
university research infrastructure. We are convinced, moreover 
that this increased investment will require both a new set of 
priorities for expenditure of federal R&D funds and increased 
support of university activities 
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Currently, only about 20 percent oftolai federal civilian R&D 
tundmg IS de\'oted to the support of basic research in the 
universities and only about 30 percent to academic research of 
all kinds. Of the almost $100 billion expended nationally in 
1984 for research and development only about $8 billion 
found their way to universities. Such a balance is simply not 
appropriate to today's demands for the talent and new 
knowledge that only universities can provide. 

Based on all the information available to it, the Panel is 
convinced that full implementation of the recommendations in 
this report will require significant increases in financial support 
for basic research in the univers.ties. The source of such funding 
in these times of fiscal stringency is not obvious. Reallocation of 
R&D appropriations appears to be the most probable source, but 
we believe that incremental new funding will also be required. 
In any case, we emphasize that future investment in university 
basic research must at least keep pace with the overall invest- 
mem in national R&D; at the rate this is currently growing, the 
investment in real terms will double in ten years. This is simply 
not adequate to permit the universities to respond effectively to 
the demands being made upon them from almost every sector of 
our society. We must makt a greater commitment to our 
centers of learning in the 1 980's than was provided to them in 
the 1970's, and the federal government must take the lead 
for the miuor fraction of that support. 

7. Importance of Stability 

It IS essential, too, to recognize that stable and predictable 
growth, not intermittent mfusion of funds, is f^ssential Violent 



TABLE 2 

FULL-TIMe EQUIVALENT (FTE) SCIENTISTS AND ENGINEERS EMPLOYED IN FcSEARCH AND DEVELOPMENT, BY SECTOR: 

SELECTED YEARS' 



Sector 


1954 


1958 


1961 


1965 


1968 


1969 


1970 


1971 


1972 


1973 


1974 


1975^ 


Total 


237 1 


354 6 


425 7 


494 1 


550 4 


558 2 


549 6 


529.8 


521 9 


521 1 


527 2 


530 5 


Federal Government^ 


37 7 


46 0 


51 1 


61 8 


68 1 


69 9 


69 8 


66 5 


65 2 


62 3 


65.0 


64 5 


Industr/ ^ 


164 1 


256 1 


3120 


348 4 


381 9 


385 6 


375 5 


358 4 


353 3 


357 4 


357 9 


358 0 


Universities & Colleges total 


25 0 


36 5 


42 4 


53 4 


66 0 


68 3 


68 5 


68 4 


66 5 


64 8 


66 7 


71 0 


Scienticls and enp'neers 


20 3 


29 2 


33 6 


40 4 


49 0 


50 4 


50 3 


49 8 


48 9 


43 2 


49 2 


52 6 


Graduate students^ 


47 


73 


88 


130 


170 


17 9 


18 2 


186 


176 


166 


175 


184 


Univer;>}ty associated 


























FFRDC's, total 


50 


8 1 


91 


11 1 


11 2 


11 6 


11 5 


11 5 


11 7 


120 


12 1 


128 


Scientists and engineers 


49 


79 


88 


107 


107 


11 1 


11 0 


11 0 


11 3 


11 7 


11 8 


124 


Graduate students^ . 


,1 


2 


3 


4 


4 


5 


5 


5 


4 


3 


3 


4 


Other nonprofit institutions*^ 


53 


79 


11 1 


194 


23 2 


^2 8 


24 3 


25 0 


25 2 


24 6 


25 5 


24 2 



'Member of full-time employees olus the FTE of part-time employees Excludes scientists and engineers employed m State and local government 
agencies 
^Estimate 

^Includes both civilian and military service personnel and managers of R&D Military R&D scientist^ and engineers in the Department of Defense 
ware estimated at 7,000 in 1 954, 8.400 in 1 958, 9.200 m 1 961 , 1 2,000 m 1 965, 1 3,000 in 1 968, 1 4,000 in 1 969 and 1 970 , 1 2.000 in 1971,1 0,700 
m 1972, 8,100 in 1973, 7,600 in 1974, and 7,700 in 1975 

^Includes professional R&D personnel employed at FFRDC's admir^istered by organizations m the sector 
^Excludes social scientists. 

^Numbers of FTE graduate students receiving stipends and engaged m R&D, 

^Includes estimate for R&D scientists and ernineers employed m State affiliated institutions such as hospitals, mui^eums, etc 

NOTt' The figures for the industry sector represent yearly averages and may diffe. from other data in the text which is based upon surveys reporting 
the employ mem m a single month of the year. Data m the text exclude historians, political scientists, and other social scientists 

SOURCE National Patterns of R&D Resources 
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Figure 5 

Proportion of NSF and NIH grant funds allocated for 
pormanent labofatn:y equipment 



Percent of total doHars awarded 
14 




■ ■ urn esumaie tof 1966 through 1974 inci^fles only data ♦'om me Nat wai Cancer insJtiute 
the National mstitule of General Medtca Sc ences ino the Naitonai Heart and Lung Inslituie 
SOURCE The NSF (Jdii IS owained trofr Sc encf /rjtf/cafcfs t974 andjtmHoehn personal 
communication Tht NIH daia ihrough 19^4 s om^wi Uom Science indicdtors 1974 Atler 
1974 me data ts from ihe internal NtH T<ies and rettecis the total contnouiion ot grant funds 
to equipment 



t^uaudtjons troin \car Id ncmf lar.d rcccntl\ c\cn wirhiii tisLal 
\cdrs) inc\tKdhl\ diMiipt rcNcaiLh iiioups dnd [m>L:rdins diui 
cItcLtiNcI halt planning 

BcNond this stable growth in the Mipport o\ Lini\cisit\ -hascd 
rcsciah. additional support is iirgcntl\ n«j.'dcd to reverse the 
dcLa> in ph\MLal plant and ohsoIcsAMKc in icvcai Ji cqinpineni 
that flu , tkc aired in the past decade Wc ».annot .ittoul to wail toi 
the shm LatJi up that woiik! he possible under an an^epiahle 
steailx -stjie suppoit SLenaiio 

We hehese that the nu>ie leahstu u>e allt)wain.es toi lauhties 
and equipment that we reLonniieiu! eNewheie inthisRepoii aiul 
the i^LeiitU appio\ed hkUisumi ot the Losts ol capital in the 
allowable tedeial indireci l(>sI ieLO\ei> pool will pioskle a 
s.gnilicaiit part ol the How ot usourLes that will enable the 
iini\ersiiies to niamtain and nu\leini/elhcii lacil ides ,ind equip 
nient, but we eniphasi/e that such res,>uiees alone will not 
sulliee 



8. Restoring University Infrastructure 

St)nie corrective action is alreadx undeiwax Fedcial ai:en- 
cies eiKOiiragedbN Congressional concerns. ha\ealiead\ initi- 
ated new programs to support purchase and renovation ot 
research equipment Wc appL ud the initiati\e taken b\ Reprc- 
sentatiNc Fuqiui, Chairman ol the flouse Science and Tech- 
nolog\ C\)mmittec, in introdiiLing ft R 2S2.V A Bill to assist 



IP ie\ ilah/iiii: the Nations j^adenik lescaah [Mogianis b\ 
tcquiiin^^ spe».iticd tcdeial a«jciK ks to leseisc a [loidon tin. 11 
researLti .mkI dexelopiiieiit tiiiids tor the lepLkenicni oi m*'dLin 
i/alioii 01 iaboi atones and olhei icscauli ta^i lilies at univeisiiies 
and collet:es We also 'ppicua'e ihc spint in whkh this Bill 
was introdu*.ed as a basis \o\ natuMial discussion ol this inipiM- 
tant issue 

The Panel would dittei with 11 R 2S2^ m two inifiortant 
jspccts howexci We would iCLonin^eiuI that the piogiani be 
ti>cUsed in the NSF lalhei than he distributed acioss the si\ 
inaj..i tedeial RtS^I) agencies 111 ordei to ininmn/e buieauciacv 
and tostei unitoini standards and proLcdutes We ^Nould also, 
and more iiiiportani. reco Minend that the lunding piopost^d in 
H R he pu \ ided increnicptall\ lo the piesent R\D sup~ 

piMi lc\els rathei than as propi.sed in M R a 10 j)ei\ent 

part ot the piesein supfioit lex \ As aigiie thuuiglk^at this 
Report these piesent suppoii leNcK aie alieadx inadequate lo 
the n.itional demands on the uni\cisiiies (iuen this tact inipiM- 
laiit as (lie demands loi iiiliasKuduie aie weiethcN to he met b\ 
an etlccnw' 10 peKciK ait in the IcncI 0} suppoit \oi actual 



Figure 6 

Age distribution of academic researctt 
instrument systems: 19P2-83 



(Percent) 
40 60 



Total 

Agricultural 
sctefTces 

Biological 
sciences 

Environmental 
sciences 

Physical 
sciences 

Engineering 

Computer 
sciences 
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lurai btoiogicai arM tmrwrnnut cciwcm Hbmatts art as of jtctmOtr 
1983 For all other fittds. tstimatts art as of OtctmDer 1982 SwipH 6965 
mstrumtnt systtms 
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Phyyca ind Compuitr Scmncas »ttO Engnmnng (1965) and unpubhshtd 
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Figure 7 

Federal support (or research and development: 1953-1984 
(constant 1972 dollars in billions) 




SOURCE fMtontt Patmns ot RAO Resources Funds m Manpower tn the Unitea States. 1953-1975 Hationai Patterns of Sctence and TechnotOQy Resources 1984 



R<51D, the coiiscuuciK^s within the uniscrsits rcsc.irch coni- 
niunil*. wDiik! he dc\asi.iiini! 

thcrclorc rivoiniiifiul ih.ii in order to allow L' S uniscr- 
Mtics to hinii! thrir inii.<si!iKtuics Ijci'itics .nul C(iiii[)nicnl 
lt> i'n jCLcptjhIc lc\cl in [\n\c\\ l.ishion— tocat^h up- atcn^po- 
iai\ *acilitics linul Iv cslahhshcd within the \SK tor caJi t>l 
the next ten \cms hi imJci to cncoUMi^c cxlcIIlmkc wc ret oiii- 
nicnd that awaids Iroin this lund should he niadCi>nl> on a .*><) .*>() 
niatchinj hasis with niMi-lcdcial tundint: and that all proposals 
submillcd :o ihc tunu iv subletted to pcci icmcu within the 
scientihc or technology, tl ci>niniunitv i»nol\ed 

The niJiinitude ol the uni\ersit\ infrastructure shortfall has 
been examined extensivelv m recent veais with estimates coscr- 
a \er> wide ran^e Quwc mdcpendenti) ot the Fuqua ini- 
irjtiNc. the Panel arri\ed at the same estimate ot the neccs>ar> 
minimum program sLi>pe--SI(. billion over the next 10 \ears 
with S> biMion Irom federal and S5 billion Irom non-tederal 
sources 

9. Realistic Use Allowance 

Alth *ugh a tacilities lund is required fca *Valch-up" purposes, 
once acain efforts must be ir 'de to ensure that tne program 
proNides continuous support to prevent the boom bust s\n- 



diome ot the past In order to encourai!e C(mlinuit\ and siabilitv 
in this dtCA as well, the panel recommends ihut the avcraiie 
uscHil litc ol uni\ersitv buildiniis and tawililics be rcLoyni/cd as 
heini! . losiT to 20 \c.irs. Lon'.pared ti^ ih. lent assumption ol 
5 ' \c.ir. Siniilarl). the uselul lilc ol eqiiipiiiont and msiiumen- 
uition should be consideied as sCiiis dependnii! on the 
Jass ol i\|uipnicnt. compared to the present le\el ol IS \eafs 
Fills should be triinslated into the appu>priate IcncN ot use 
aII(>wanLC in the negotiated indirect costs, therebv allow an 
appropriate reco\er\ ol funds to allow continuing maintenance 
and construction, as necessar\ in the uniNcrsities 

\\c lurther recomnie .d that reimbursements fo, interest on 
iu>rrowed capital (which is now incorporated into ttnal acquisi- 
tion cost ot a laboratory or instrument) should be made a 
si parat'^ category m the OMB A-21 directive on indirect costs. 
This separation will avoid any possibilitv ot misunderstanding 
as this relatively new component ot allowable indirect costs 
increases rapidlv with the initiation ol more university renova- 
tion and building 

10. Relationship with Industry 

I* is Lleai that the government-umsersitv interactions have 
had Limsiderable impact on bt^lh pariKipanis Industry - 
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university interactions, as noted earlier, have been much more 
limited and, except in unique cases, of much less importance 

Inuustry has long had direct links with universities, usually 
on a one-to-one basis, with some fields having closer rela- 
tionships .han others. But these relationships have depended, m 
large part, on very unique individuals, and their practices were 
not widely copied in either U.S. industry or the universities 
Much more widespread, of course, are individual faculty con- 
sulting relationships. 

During the late seventies, however, it began to be recognized 
that the pace of international technological change required a 
greater awareness by U.S. industry of university research de- 
velopments. Moreover, widespread predictions of growing 
shortages of qualified electronics engineers and computer scien- 
tists, and indeed shortages in almost all engineenng, mathe- 
matics and physical science disciplines, led many companies to 
reconsider their university ties and their roles in university 
affairs. While their actual direct research funding levels in 
support ofuniversityactwities are still less than 10 percent of the 
federal government s, industry has begun to develop a wide 
range of mechanisms for interacting with universities. Par- 
ticularly important is the assistance that industry can give in 
providing information to university researchers on areas of basic 
research that may form the background to the solution of recog- 
nized current or future practical problems. In this context, 
cooperative research through individual contracts, industrial 
affiliates programs and university cooperative research centers 
have all received growing attention and support. The federal 
government has attempted to support these trends by joint 
funding of cooperative research programs and by supportmg 
innovative new university problem-solving centers. 

Perhaps most important of all in the growing rapprochement 
of U.S. industries and universities is the dissipation of stereo- 
types developed during the postwar years of readily available 
federal funds for universities. Both industry and the universities 
were diminished and weakened by the breakdown, during this 
penod, of their former interactions and channels of communica- 
tion. Industry can, and must, bring to universities a renewed 
appreciation of the challenges and opportunities that exist in 
industry and in the international marketplace, universities, in 
turn can, and must, bring to their industrial partners a renewed 
appreciation of the 'Contributions that well-trained, bright young 
minds — as well as the fruits of university-based research — can 
make to retaining for U.S. industry a leadership role in a rapidly 
evolving, increasingly technological , and increasingly competi- 
tive world. Industries are thus finding themselves dependent 
upon the univereity system for both talent and new knowledge, 
the products of university education and research activity. Cur- 
rent industrial support of the universities, however, does not 
measure up to this dependence. 

The Pijnel believes that the federal government can — and 
should — act to promote greater industrial participation in uni- 
versity activities and that such participation is very much in the 
natinal interest. We therefore recommend that a 25% R&D tax 
credit should be extended to cover fully industrial research 
expenditures in academic institutions We further recommend 
that this deduction should not be incremental but rather a full 
deduction and that a tax deduction for the full market value of 



equipment contributed to academic institutions should be 
establLshed. 

11. MultidL ciplinary Science and Technology 
Centers 

Of greatest im^xjrtance, however, is the need to use the 
existing strengths of i^oth the universities and industry jointly to 
address problems of iong-range national scope In order to 
ensure that we can recognize and seize technological oppor- 
tunity, we must create a research environment that can facilitate 
change across disciplinary boundanes. A first step has been 
taken in that direction through the formation, at NSF, of multi- 
disciplinary problem-oriented engineering centers. It is neces- 
sary now to expand this concept from the narrow engineering 
focus to th^; broader view of science and technology centers. 

Much of the most exciting research to be undertaken in the 
future will not fall within the traditional natural <icience disci- 
plines. As the questions relating to science and technology 
become more complex, and demand teams oi researchers with a 
broad range of expertise, it will be to the Nation's advantage to 
provide multidisciplinary centers for their solution. Indeed, it is 
increasingly the case that the most exciting and fruitful research 
opportunities are to be found in the interface areas between the 
traditional disciplines. As presently constituted, the universities 
cannot comfortably accommodate interdisciplinary research. It 
will be important for the federal government to provide funaing 
to enhance these interdisciplinary activities within the 
universities 

The rationale for .such an approach has already been staled, 
but IS worth repeating. Emerging technologies are the founda- 
tion of industrial competitiveness, and depend heavily on future 
developments in basic research. Consequently, we find the 
demand for trained manpower and effective knowledge-transfer 
growing steadily. This can be most effectively stimulated by me 
federal government through support for ''strategic research/' 
I.e., basic research carried out with the expectation that it will 
provide a broad base of knowledge necessary as the background 
for the solution of recognized practical problems. 

An emphasis on basic research is consistent with recent 
government policy. In 1981 , development was the largest part of 
the non-defense federal R&D budget, and basic research was 
the smallest. By 1984, that ratio had completely reversed (Fig- 
ure 8). We support such a policy, and would recommend a major 
initiative in the federal support of basic research in universities 
through the establishment of research and technology centers 
directed to ^ oblems of broad national needs and relevant to 
industrial technology. 

In making this recommendation, it bears emphasis that a 
number of universities have already accumulated substantial 
experience over many yeais in bringing together federal, indus- 
trial, and university interests in collaborative research pi ejects 
and centers; it is important t^at the bssons to be derived from 
this experience be incorporated in all new initiatives in this area. 
Much basic research does not lend itself to the large-center 
approach; preservation of the natural diversity of the basic 
research enterprise is essential. It will also be important to 
recognize and make due allowances for those areas of basic 
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research that may either in fact or in perception appear to be 
displaced or frozen out by the larger, more newsworthy, or more 
topical center activities. 

Despite the substantial increases iti industry participation in 
university- based research in recent years, it should be noted that 
the supply of industry resources for — and of industry interest 
in — such activities cannot be expanded indefinitely. It is essen- 
tial that this be borne nrmly in mind in responding to university 
initiatives for the creation of new science and technology 
centers 



12. Recommendations 

1 . The federal government should make subsrantially greater 
investments in our centers of learning in the 1980's and 
1990's than in the 1970 s. The recommendations set forth 
in this report, if they are to be implemented fully, require 
significant increases in financial support. The source of 
such funding in these times of fiscal stringency is not 
obvious. Reallocation of R&D appropriations appears to 
be the most probable sourc . , but we believe that incremen- 
tal new funding will be required. In any case, we empha- 
size that this federal investment, at minimum, must keep 



pace with the overall national investment in R&D, at the 
current rate of growth it will double in ten years. More 
rapid growth ia essential if out jniversities are to meet the 
burgeoning demands being m?de upon them from almost 
every sector of our society The federal government is the 
only practical source of funding for the major part of this 
growth 

2. The investment i^pproach to university research, recogniz- 
ing and contributing to the long-term health of the univer- 
sity research system, must be maintained through stable 
and continued support. 

3. The federal government should support a major initiative 
to establish university-based interdisciplinary, problem- 
oriented research and technology centers directed to prob- 
lems of broad national needs and relevant to industrial 
technology 

4. Federal policies should recognize that the costs of univer- 
sity research facilities and equipment are a necessary part 
' f federally sponsored, university-based research costs. 

5 The portion of federal research grants and ccr.tracts that 
reimburse universities for use or depreciation of facilities 
and equipment (use allowances) should be based on real- 
istic useful life-times: 

a. Useful life of university buildings and facilities should 
be reduced from the present level of 50 years to 20 
years . 

b Useful lifeofequipn..nt and instrumentation sh'^uldbe 
reduced from the present level of 15 years to 5 to 10 
years, depending on the class of equipment. 
These changes, which do no more than injecc reality into 
the costs of doing research, will increase substantially the 
indirect fraction of total cosCs. This increase should not be 
drawn from direct research costs but from reallocation of 
funds from other sources. 

6. To allow U.S. universities to restore their infrastructures 
in timely fashion, a facilities fund should be established 
within NSF for each of the next ten years . And that in order 
to encourage excellence: 

a All proposals submitted to this facilities fund should be 
subjected to peer review within the scientific or tech- 
nological community involved, and 

b. All awards from the fund should be made on a 50/50 
matching basis with non-fed'^rai funding. 

7. Reimbursements for interest on boi rowed capital (which 
is now incorporated into total acquisition cost of a labora- 
tory or instrument) should be made a separate category in 
the 0MB A-21 directive on indirect costs. 

H Any reorganization of the federal tax code, should recog- 
nize the importance of increased industry-university inter- 
action. A 25 percent nonincremental tax credit should be 
established for industrial funding of un:versity research 
and for industry-supported maintenance and se.vicing of 
university equipment. A tax deduction equal to the full 
market value of all industrially contributed equipment 
should be established 
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IV. THE COSTS OF ACADEMIC SCIENCE 
AND ENGINEERING 



\<> notion am nuuntmn <i position of U\i(Ur\hif7 in the wot id of todax unless it daclop^ to tfw fi U its suvntifn and ta hnoloi^uid 
ti'soiines So i^o\ei ntnent adequatvi\ nwvts its tc'sponsihilitics unless it f^enetoush and intelln^enth supports and em tmnii^es the work oj 
Siwm ' m uni\ersit\. industr\, and in its own hihonitoties 

Ptesiden; Ho,r^ S Ttunuin 
September 6 1^45 



1. Introductl'^n 

The combined etTorls of government, mdusiry and the univer- 
sities have, over the years, given the United States one of the 
tinest university systems m the world — both in scope, and in 
man\ quahty measures as well. Through their tremendous diver- 
sity and accessibility, our universities have made the U S a 
world leader in science and technology The evolution of the 
s\stem has prtxluced peaks of excellence in both public and 
private institutions, and across virtually all academic disc 
phnes Our universitrs continue to educate top-quality scien- 
tists and engineers, and to develop new scientific and tech- 
nological insight and understanding. 

In recen* years, however, disputes have arisen over the costs 
of federally sponsored research at universities, over what those 
costs actually are and who should bear them. As disputes have 
iniensified, the mechanisms for maintaining a healthy university 
*.\stem have broken down For example, mistrust between uni- 
versities and government agencies has led to micromanagement 
of the reseaich enterprise by the agencies and the imposition of 
cost accounting paperwork burdens that reduce efficiency and 
c»-eativity in both research and education. The P^nel believes 
that the time is ripe to reexastiine the controversy over the 
costs of research and to create a system that maintains the 
health and excellei. e of our universities. 

2. The Cosis of University Research 

Because of the interweaving of education and research in U.S 
higher education, it ha,s never been easy to quantify the actual 
costs of university research. Some costs, such as those tor 
specialized equipment, can be clearly reipted to research Oth- 
ers, like utility costs, are more difficult since part is related to 
research and part to education. Accountants have divided the 
costs of research into two categories* direct and indirect costs 
Direct costs are those 'ittributable to specitic projects — costs 



such as time and eftort / the principal investigator, project- 
specitic research equipment, travel expenses and so on Indirect 
costs are those not easil> allocataSle to specific projects, exam- 
ples include the lifetime costs of laboratory space and research 
equipment, administration, utilities, e!c The separation into 
these two categories, direct and indirect, is arbitrary and differs 
tVom institution to institution. 

When the federal government awards a research grant or 
contract to a university, it agrees to reimburse that university for 
a set of costs attributed to that particular project The reimburse- 
ment includes both u direct and an indirect cost. (A detailed 
discussion of indirect costs can be found in Appt Jix F) The 
amount ot the grant is based upon the direct co:,»s and an 
additional percentage of the direct costs to cover indirect costs 
The percentage, known as the Indirect Cost Reimbursement 
rate or \Q\\ rate, is agreed to by negotiations bciween the 
federal government and the university. Cuirentl), ihe Depart- 
ments of Health and Human Services and Defense represent the 
federal government in such negotiations for all of the agencies 
that support work in a particular university Generally, the 
university w ill compile documentation of all costs it classifies as 
indirect in a given time period and attempt to determine how 
much of each category of indirect costs is attributable to re- 
search The total indirect costs attributable to federally funded 
research is then divided by the institution s total modified direct 
research cost remibursement (the "organi^.ed research base**) to 
'letermine that institutio.is ICR rate The indirect costs at- 
tributable to unsupported research and to other institutional 
activities are borne by the institution 

The Otfice of Management and Budget Circular A-21 at- 
tempts to define the costs of research eligible for fca:ral reim- 
burseiiK^nt (see Appendix F) It also establishes criteria for 
documentation and allocation of costs, ^\m\ for ne^'otiation be- 
tween t>deral agencies and the universities Circular A-21 
provides a framework for discussion It has not, however, sig- 
nificantly reduced the controversy over the costs of research. 
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3. The Controversy Over Research Costs 

There arc three basic groups at ixlds m the ci)nln)vers\ over 
the costs oi resc irch taculiv researchers, universiiv adiiiin- 
istjators ami governnie u adnunislrators For each group, the 
combination of rising c( sts and slo\»er growth in lederal re- 
search budgets creates a different problem To tacultv re- 
searchers (and federal a^»encies) the problem is that indirect cost 
reimbursements are crowding out those for direct costs Less 
and less ot every research dollar is going to investigators and 
more anu more to university administration To universitv ad- 
ministrators, fhe problem is simply that reimbursenxnts are not 
keeping pace with total actual universitv research costs Govern- 
ment agencies are concerned that university research is becom- 
ing increasingly expensive at a time ot increasing demands tor 
the results of that research — talent md knowledge — and of 
limited federal research funding They recognize -hat they wiil 
be under increasing pressure to increase the pace and scope of 
universitv research, and yet they are already in trouble funding it 
at Its present level. They are also concerned that the research 
community is not, m their view, providing an adequate account- 
ing to the taxpayers for the support received 

The controversy arises as the three groups try to reconcile 
their competing perspectives Many faculty researchers, seeing 
their direct cost reimbursements crowded out by indirect cost 
remibursements at a time when university bureaucracies otten 
appear to them to be burgeoning, suspect that at least some 
indirect cost reimbursement claims are not entirely reasonable 
or necessary These suspicions are remforced by the perception 
that universities ha\" few incentives to contam mdircct cost 
reimbursements. Many government administrators, sear^iing 
for ways to cut back on indirect cost reimbursements, are struck 
by the wide variation in ICR rates i^mong institutions (see Tat>le 
3) and thus share with the researchers the suspicion that perhaps 
not all claims are reasonable and necessary In addition, some 
govemment officials wonder whether it is even necessarv or 
proper, pailicuiarly during a time of limited research funding, 
for thj government to reimburse universities for all the costs 
they claim, even when those costs are legitimate 

It bears emphasis in any consideration ot the variation jf ICR 
rales that private and public universities really cannot be )udged 
on a common scale In general in the public institutions, state 
legislatures provide support for many aspects of infrastructure 
costs that m the case of the pnvate institution become part of the 
federal indirect cost pool In Table 3, for example, public 
insiituiions typically have ICR rates below 50 percent and 
pnvate institutions in excess of 50 percent 

Universitv administrators respond to facultv members and 
govemment otficials with four points First, they argue that the 
causes of the increases in indirect costs are real, citing a^ typical 
examples the needs tor facilities and equipment, and growth in 
energy and library costs The growing university bureaucracies, 
they co.'^end, are a response to the proliferation of government 
red tape Second, they argue that it is meaningless to compare 
indirect cost rates among institutions because of the variations in 
their accounting systems, geographical locauon. research orien- 
tation, age ot phvsical plant and other dillercnces Third, uni- 
versities argue that, despite charges to the contrarv. they do have 
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signitieant incentives to contain indirect costs, inasiruch as the 
gi^vernment reimburses only that portion ot indirect costs that 
can be attributed to government-sponsored research activities, 
e g , part ot library costs Universities have always had to bear a 
portion ot these indirect costs Also, there is constant pressure 
trom the research faculty to keep the ICR i ute down , particularly 
trom those faculty members whose support idmiriistered 
under the NSF mechar.ism ( see later discussion o.. NSFand NIH 
mechanisms tor ICR reimbursement) Finally, the universities 
argue that they do lot even claim many legitimate costs of 
lederallv sponsored research and that being forced to bear a 
greater share v)f those costs only diverts scarce resources from 
other worthwhile campus activities man) which coninbute 
to the overall strength of the research and education enterprisr 

As university research activities grow in scope, unpcrsity 
otficials increasingly poirt to the tact ^hat such costs as tund 
raising, the bridging of investigators or research groups between 
externally supported projects and the provision of seed support 
required to initiate entirely new research activities (in industry 
federal IR&D allowances provide this support) are not allowed 
as components of indirect costs even though they play important 
roles in maintaining and impuwing the health and vitality of the 
overall university research activity These costs too must be 
covered by institution resources 

The controversy over direct and indirect costs focuses on two 
issues fundamental to any understanding between the univer- 
sities and the federal govemment. First which costs should be 
considered reasonable and necessary to the conduct of spon- 
sored research ' Second, what share of those costs should the 
government bear'* Mutually agreed upon answers to these ques- 
tions will remove a major impediment to a smoothly operating 
relationship between the govemment and the universities 

TABLE 3 

INDIRECT COST REIMBURSEMENT MATES 
AS A PERCENT OF DIRECT COSTS 
FISCAL YEAR 1985 



INSTITUTION 


ICR RAT._ 


Johns Hopkins 


64 0 


Univ of California, San Francisco 


30 6 


Harvard Medical School 


99 0 


Harvard University Areas 


62 4 


Yale 


68 0 


Stanford 


69 0 


Columbia 


74 1 


University of Washington 


40 0 


Univ of California, Los Angeles 


43 0 


Un ersity of Pennsylvania 


64 0 


Washington, St Louis 


51 0 


Yeshiva 


^75 


University of Michigan 


50 0 


University of Wisconsin-Madison 


43 0 


University of Minnesota 


41 0 


Duke University 


50 0 


Univ of California, San Diego 


36 5 


University of Chicago 


69 0 


Cornell University 


63 3 


Cornell University Medical College 


46 0 


MIT 


61 5 


Univ of California. Berkeley 


44 0 


National Average 


49 3 
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4. Indirect Costs 

Ther. has been almost no controversy over the rea 
ablen:ss and necessity of direct costs; there has been much over 
the reasonableness and necessity of inuirect ones This im- 
balance both reflects id perpetuates the misperception that 
direct cos^s are somehow inherently more legitimate than indi- 
rect ones. In fact, both are real costs of research A possible 
explanation ioi the differing perceptions may lie in the fact that 
in contrast to indirect costs, direct ones are universally subject to 
peer review and judged qualitatively in those reviews for their 
reasonableness end necessity. This process is accepted as legiti- 
mate by the federal government, the universities and the inves- 
tigators assessments made b) i^er review individuals and 
panels as to how reasonable and necessary a research budget is 
are generally viewed as sound and credible. 

GoveHiment kiviews and audits provide scrutiny of indirect 
cost^ just as peer review does of direct costs. Federal indirect 
costs negotiators make on-site reviews of all indirect cost pro- 
posals bef ?*'e the ICR rates are negotiated, and some proposals 
are subjected lo a full audit. These reviews focus on whether the 
proposed costs are allowable and relevant to the performance of 
research and on whether the institution's apportionment m^ih- 
ods result \n quitable allocation of costs to research pro 
grams Because these indirect costs relate to the institution':, 
overall operations rather than to specific research projects, such 
reviews cannot — ind do not — make an assessment a^ to the 
reasonableness of the institution's proposed mUire -ost 
charges and allocations 

5. The Documentation Problem 

A further form the controversy ass'j... s is ver costs that are 
inherently difficult to quantify or justify. In an attempt to ensure 
that federal research dollars are being spent properly, the gov- 
ernment has increasingly required documentation of research 
costs. Predictably, requirements to document costs are greatest 
where documentation is most difficult in effect, the govern- 
ment attempts to legitimatize through paperwork research costs 
that are difficult, if not impossible, to justify through other 
methods. This does not mean that such costs are inherently 
umeasonable, only that it is difficult to prove otherwise. In 
gen*^ral, the government requires documentation on costs asso- 
ciated with federal research as well as on some i!iat are not In 
attempting to ensure that it is reimbursing; the actual agreed costs 
of doing federally funded le search, the government has imposed 
layer:, of documentation and administration requirements upon 
the universities. Such inefficiency and micromanagement is a 
natural corollary of a research funding policy based on the 
piocurement appnDach (i e. pay tor whatever is needed, as it is 
needed) From the facjlty member's perspective ihe wi»i i 
example of such red tape is, of C\. urse, faculty effort reporting 
A workshop on effort reporting was cc nducted by the National 
Academy of Sciences: referring to faculty effort n^porting, its 
members concluded that: 

the basic problem is that the requirements have 
been patterned largel) after industrial piacticc — 
roj^ular, after-the-fact reporting ot time and cftort ex- 



pended. Such a scheme is not transferable to a univer- 
sity. Effort reporting forms call on faculty members to 
allot their tirne among a number of discrete functions. 
Most faculty eftort, however, serves several ends at 
once and cannot be distributed rationally among dis- 
crete functions An investigator working with a gradu- 
at'* student o'' a research project, for example, simply 
cannoi divide such effort neatly into research and 
teachmg. 

By setting faculty, university administrators and government 
agencies against one another, faculty effort reporting works 
against the development of teamwork and of any sense of 
partnerj»hip m the enterprise. The reporting requirements serve 

perpetuate controversy over costs that are inherently subjec- 
tive and impossible to quanl.fy, as well as creating animosity 
over the unproductive paperwork involved. 

There are many other paperwork requirements which are 
equally iriefficient and which serve to mliibit a healthy reid- 
tionship between the universities and the government The 
federal government, for ex ample, now requires inventories of all 
research equipment owned by an institution, no matter how 
acquired, in order to compute use allowances. The govemr ent 
also requires exhaustive project-by-project documentation of 
research subcontracts to small businesses Such requirements, 
even when laudable in original principle, ' rk against the goal 
of efticien- research. 

None of the present documentation requirements promotes 
any greater consensus over what constitutes the reasonable and 
necessary costs of research In addition to the damage they do to 
the university-government relationship, these requirements also 
obviously increase the administrative costs of federally spon- 
sored research 

6. Micromanagement of University Research 

In addition, other requirements imposed by the federal gov- 
ernment limit the flexibility afforded researchers in the manage- 
ment of their federal grants or contract.^ In some agencies, the 
period of grants is as little as two years, and many must be 
reviewed annually. Renewal involves preparation of detailed 
accounts of both past and future work, and invites concomitant 
scrutiny and micromanagement by peer review panels and agen- 
cy program officers. Researchers are rarely permitted to carry 
over u.iexpended contract funds from one year to the next. 
Equipment purchases over $5,000 must be cleared through a 
local screening process, allegedly to prevent d' ^Mication. And 
perhaps most important of all, principal investigators, who are 
best able to judge the internal prhirities ot their research pro- 
grams, are in some instances unable to transfer funding, for 
example, trom other aspects of their programs to the support of 
graduate studenis and professional travel, without the explicit 
and time-consuming approval of agency program officers. The 
government, reacting in part to the controversy over the cost of 
research, has sought to increase accountability by imposing 
counterproductive regulations which impede flexibility, 
creativity and efficiency in university research. 

The universines, in turn, have had little choice but to adopt a 
short-range bell-tightening view and. in consequence, have 
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done little to either iiiiti«zate the government s distiusi oi in- 
crease the flexibility of the enterprise in the lace ol goveinnienl 
red tape Their accounting systems are often arcane and anti- 
quated, lending credence to the impression that they are not able 
to account lor their costs I hcv have st Idoni initiated alternative 
organization structures, such as cross-disciplinar\ centers or 
block grants to groups of researchers, which might increase 
flexibility even despite federal regulatory limitations 

7. Mandatory Cost Shpring 

Faced with the desire to reduce their research cost reimburse- 
ments to universities. Congress has decreed that for some agen- 
cies (e g NIH), the government should simpiy not bear all the 
costs of federally sponsored university research, Based on the 
concept that universities would be more determined to contain 
research costs if they are obliged to pay a portion of them, 
mandatory cost sharing was introduced as an incentive for the 
universities to be efficient in their management of the federal 
funds provided 

Despite the lack of any consensus underlying the policy, the 
government has applied this cost-sharing principle in other areas 
as well In 1983, NIH indirect cost rtMmbursemcnts appeared U) 
be exceeding N1H\ budgets As a short-term solution, the 
agency attempted to reduce its indirect cost reimbursements by 
10 percent across-the-board, It made no detenr.i nation that the 
reimbursement claims exceeded the reasonable and necessary 
costs, the implication was simply that NIH would not agree to 
pay more than 90 percent of the costs claimed. This attempt 
failed because of active lobbying by the lesearch community 
Continuing dissatisfaction with the perceived shortcomings of 
the mJirect cost reimbursement procedures ensure that the issue 
will not disappear Other, more drastic proposals, such as an 
indirect cost reimbursement based on a fixed 25 percent of direct 
costs, have recently been considered seriously by 0MB 

8. Indirect Cost Reimbursement 

There is a hnal issue — the ways in which indirect costs are 
determined and reimbursement policies put into practice 
Federal agencies which sponsor university research currently 
employ two somewhat different methods for calculating re- 
search cost reimbursements. Both are based on 0MB Circular 
A-21 At NIH, which funds half of the federally sponsored 
university research, research proposals include only the direct 
project cost' ^ eview panels then consider only the direct 
portion of me bu. if an award is granted, the institution's 
current indirect cost re) .ibursement rate is applied automatically 
by the agency. In multi-year grants, should this rate rise during 
the term of the grant, the indirect cost reimbursement rises 
accordingly 

At NSF, and all other major federal research agencies, reim- 
bursement practices ; e similar, but their effect is in practice 
somewhat different At these agencies, research project budgets 
include the total proposed costs — the direct cost components (as 
in the NIH pra'7tice) plus the indirect cost reimbursement Prior 
to an award, the total cost is negotiated by the nr ncipal program 
officer on behalf of tne agency and by the principal investigator 
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on behalf of the institution Under this system, since the total is 
usually, bu* not necessarily, fixed over time, if the indirect cost 
rate l^crease'^, the direct cost reimourseiiKnt — those funU> 
i'vailable to the resctircher— i > reduced 

The practical and political differences between the two s>s- 
tems are noteworthy Both .»y stems are subject to the same 
institution-by-institution indirect cost rates negotiated by I OD 
or HHS on behalf (.f all federal agencies. But the NIH system 
tends to be more closely associated wirh the "indirect cost 
problem" than does the NSF system When the GAO undertook 
to study the "reasonableness of rising indirect costs," it was NIH 
that was the focus of the study And statistics show greater 
growth m NIH reimbursements for indirect costs than in com- 
parable NSF reimbursements. In 1966 when the government 
removed the 20 percent fixed rate on indirect costs, the ratio of 
indirect to total cost reimbursements was the same (20 percent) 
at both NIH and NSF ( See Appendix G) By 198 1 , that ratio was 
30 percent at NIH, but only 25 percent at NSF. And whereas 
NIH\ ratio continues to grow, NSFs has remained relatively 
constant 

Another reason why NIH has been more of ten associated with 
the "indirect cost problem" is that its system subjects fewer cost 
components to internal pressures within a given institution than 
does the N^F system In the NIH system, the researcher is 
concerned only with the direct costs of research, and indirect 
costs are the concern of a university administration negotiator 
and the negotiator at HHS or DOD. In the NSF system, the 
researcher sees each dollar of increased indirect cost recovery 
subtracted directly from the amount available for research, it is 
thus an issue between the investigator and his university's ad- 
ministration. In the former, the researcher argues with Wash- 
ington, ii the latter, with university administration colleagues. 
In the NIH system the pressure is on government agencies to 
balance rising cos is against fiscal limitations, in the NSF system 
the pressure is on the universities In the NSF system, therefore, 
faculty are likely to be immediately aware of, and thus bring 
pressure to minimize, actual indirect costs, thereby workmg to 
keep ICR rates down 

Finally, and perhaps mos^ important of all, is the way m which 
the two sys'ems affect the indirect cost controversy The NSF 
system is more likely than the NIH system to be accused of 
incomplete reimbursement, since the agencies do not adjust the 
total amount of a grant to absorb possible increases in the 
applicable ICR rate during the term of the grant Conversely, it is 
less likely to be accused of reimbursing for nioie than the 
reasonable and necessary costs of -"^search, since the NSF 
system encourages faculty and university administrators to de- 
bate the indirect costs 

Several conclusions can be drawn from thi^ 'lysis First, 
since there has been almost no controversy over direct costs, one 
can conclude confidently that the peer review system is a sound, 
credible and effective mechanism for distinguishing reasonable 
and necessary costs from unreasonable and unnecessary ones. 
Second, because fiitiilty pressure works to minimi/e indirect 
costs, the Panel believes that the NSF reimbursement system is 
preferable to the NIH one and that no oi^vious benefits accrue 
irom the present dual system We therefore recommend that 
all federal agencies supporting university-based research 

28 



take steps t'^ Jopt the NSF practice for indirect cost 
rei. ibu sem' . 

This shou J not become a». invitation to NIH study sections to 
niicromanage the details ot project budgets The iiienibeis are 
not Iikelv to be well informed about the structure ot indirect 
costs, nor about the negotiations and audits in which each 
institution engages with the government The project review 
staff at NIH can be appropriately educated and may then be able 
to guide the pt* t review met tian isms in ways consistent w ith the 
agency's pc .y There is no reason, lioweven for total project 
costs (including indirect) to be concealed from the revie^v 
prtxess 

9. Conclusions 

The attempts to define precisely *he costs of research at 
universities have resulted in excess of paperwork that is selt- 
defeating, and a constant source of stress between government 
managers, faculty, and university administrators As an exan»- 
ple, the mandatory cost-sharing concept has generated paper- 
work and consumed resources, but has resulted in nothing of 
Vdic'e It should be recognized that support of personnel, support 
of students, and the provision of an environment conducive to 
the C( nduct of research and training, in themselves constitute 
cost sharing Documentation neither adds to nor subtracts Ironi 
this 

Similarly, the need for faculty eftort reporting results in a 
totally artificial separation of the multiple overlapping respon- 
sibilities of university faculty members Since the active re- 
search effort isalsoatraniing function, since a single laboratory 
may have .several related grant.s, since participation in university 
and departmental governance also involves administrative f unc- 
tions related to management of federally supported research, 
and, particularly, since no faculty member works as little as 
forty hours a week, the foimal effort reporting requirepicnts are 
simply administrative fictions 

These examples are perhaps the most striking, but by no 
means the only, manifestations of what can only be called 
bureaucratic accretion Although the need foi accountability 
which spawned these procedures is understandable, the out- 
come IS, on balance, counterproductive to the goals of all 
involved. Some attempt at simplif icatu)n is desperately 
required 

The indirect cost issue has caused similar, and perhaps even 
more severe, problems In summary, indirect costs can be 
divided in»o inf rastructure and administrative costs. Virtually all 
the controversy centers on the administrative costs and, in 
particular, the apparently puz/Jing variation in rates from in- 
stitution to institution As described in Appendix F, there is 
justification for this diversity. However, the effort reporting, the 
bureaucratic burde is, the increasing divisiveness. and the 



damage done to the university-government partnership that 
flows Irom the present continuing institution-by-institu'i..)n ne- 
gotiation of indiiect costs cannot be )ustilied 

In conclusion, the Panel strongly recomn.,.ids that the tederal 
government i»gree to bear its full share ol the cost of university- 
based lederally supported research. This would entail an under- 
standing that cost sharing is inherent in the resources that 
universities bring to the research effort In order to ease the 
stresses resulting from negotiated indirect costs, a single level 
for the administrative component of indirect costs should be 
established In parallel, a reduction should be made in the 
unnecessary and overly burdensome paperwork associated with 
grants and contract -^lanagement, elimination of the effort re- 
porting that will follow from our recommendation for the fixing 
of the administraUv.: component of the indirect cost pool will, m 
Itself, go a long way toward reducing the friction in the 
government-university interface and the real level of indirect 
cost 

10. Recommendations 

1 The federal government should bear its full share of the 
cost of university researc it supports. 

2 Reimbursements for administrative costs within the indi- 
rect cost category should be fixed at a uniform percentage 
of modified total direct costs That percentage should be 
the mean percentage overa five-year hi.storical period, and 
the adjustments should be phased in ovl: a two-year 
period to allow those Mniversities now charging more than 
the new fixed rate to plan for reduction. This change will 
eliminate much of the need for faculty effort reporting. 

3 The formal requirement for cost sharing should be 
eliminated 

4 The paperwork burden associated with grant and contra^^ 
administration should be reduced to a minimum In the 
Panel view, all faculty effort reporting should be 
eliminated 

5 All lederal agencies supporting university reseaich should 
adopt the NSF practice ol including the indirect costs m 
the project budget subject to peer review 

The Panel recognizes that some universities will face reduced 
indirect cost reimbursements if our recommendation con- 
cerning' administrative costs is implemented. We emphasize, 
however, that our recommendations concerning more real- 
istic use allowances for facilities and equipment are de- 
,signed, in part, to offset such reductions. It is therefore of 
special importance that our recommendation* be considered 
a,s an integrated package; were they to be only partially or 
.selectively implemented, they could result in ,significant 
damage to the academic enterpri,se. 
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V. THE ENVIRONMENT FOR ACADEMIC 

RESEARCH AND EDUCATION 

There is only one proved method of aav, ''/j? the advancement of pure s( lence — that of picking men of genius, backing them heavily, and 
leaving them to direct themselves 

James Bryan! Conant 

Letter to The New York Times 

August 13. 1945 



1. introduction 

The U.S. university system is based on the fundamental 
conviction that the discovery of new knowledge and the educa- 
tion and training of new scientists and engineers are inseparable 
activities. Students learn to be scientists and engineers by doing 
science and engineering. Faculty members depend on the 
creativity and fresh approaches of students to challenge accept- 
ed paradigms and inject vigor and originality mto the research 
effort. Without a sufficient flow of well prepared and motivated 
students entering the university system, our national scientific 
and technological enterprise will founder This serious national 
problem — characterized in A Nation at Risk, the report of the 
National Commission on Excellence in Education, as "a rising 
tide of mediocrity" — has been well studied elsewhere, and 
significant corrective measures are under v^-ay. 

Central to the production of both talent and new knowledge 
are university faculty members; they teach students and direct 
research, usually simultaneously. The quality of the faculty 
determines how well the universities are able to respond to the 
Nation's demands for this talent and new knowledge. And the 
effectiveness of faculty members depends on the environment in 
which they function — what we call ^he academic research 
environment. 

This environment ha^ many components: research facilities 
and equipment, university administration, federal funding 
agencies, professional peers, industry connections, support per- 
sonnel and students. In a healthy university, these components 
promote excellence, imagination and responsiveness in the de- 
velopment of both talent and new knowledge. Creating such an 
environment requires the best efforts of industry, government 
and the universities. We address a varu y of issues that affect the 
creation of such an enviror. ent. 

2. Stability of Research Support 

Stability of research support means that research projects are 
not unexpectedly interrupted. If federal funding to an individual 
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investigator is interrupted, it 'jan bring the research project to an 
unexpected halt, seriously interrupt the progress of the graduate 
students involved, force reassignment cf equipment and space 
to other projects, and place into question the professional fate of 
the technical staff involved. Fluctuations in federal research 
funding can greatly interfere with the training of graduate stu- 
dents. If funding for a project is interrupted or discontinued, it 
means mconvenience and wasted time and effort for the pnn- 
cipal invcstigatot But fot the student, it can mean sevetal years 
of graduate school wasted and for some , a comprehensive reas- 
sessment and ^structuring of their entire dissertation program. 

Central to the maintenance of stability is the ability of individ- 
ual institutions, through fungible cash reserves, to provide 
flexibility or funding in ine event of unexpected fluctuations in 
federal support. Such a capability depends both on responsible 
financial management by the universities and on enlightened 
actions by both government and industry in making it possible 
for the universities, already hard-pressed financially, to estab- 
lish the modest reserves necessary to permit their performance 
of this flywheel function. 



3. Optimizing the Funding Process 

Most important, however, is the means by which federal 
funds are allocated. The IJ S. is unique in the extent to which 
responsibility for the allocation of federal dollars to scientific 
research is largely in the hands of the scientific community 
itseir. This is an arrangement forgeo by enlightened represen- 
tatives of both the federal government and the scientific com- 
munity in the immediate postwar period; it has allowed this 
country to evolve a science and technology enterprise that is the 
envy of the world. The peer review system on which this 
arrangement is based has served the nation extremely well and 
must clearly be preserved, but at the same time, over the years a 
tew ditficulties have developed. 
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a. The Peer Review Process 

In ihe peer review svsVmii, an uivesuealDr s reseaicli proposal 
IS reviewed by a pani:l ot professional peers '.lio score the 
pmposaK fheoretieully on the basis ot Us scienlitic nieiil That 
score nia> reflect, to some degree, the revie\\er\ assessment ol 
the investigator but the principal emphasis ha been on the 
pt\>posal as such Each agency, in general, ranks its proposals b\ 
sc(;re and awards grants in oraer ot descending score unti' its 
budget tor the year is exhausted 

The system ot awarding grants and contracts on the basis ot 
peer review is essential to our ability to maintain excellence in 
science But we have noted the tendency, over the past decade, 
to focus more upon the specitie research proposed and less upon 
the track record of the proposing investigator Applied to an 
endeavor such as basic research — a foray into the unknown and 
unpredictable — this trend can be counterproductive The skills 
needed by a successful and creative researcher are above all 
those for niprovisation in the face of unexpected discoveries or 
disappoint lents A caret'ully conceived proposal can never 
substitutf or proven d sustained accomplishment — es- 
pecially the case ot research of a frontier or exploratory 
character .nd yet, proposals by established, reputable scien- 
tists coRti e to be rejected by peer groups and agencies on the 
grounds , t the reviewers perceive insutficient chance ot suc- 
cess, ina< uate preparation or insuftieiently precise anticipa- 
tion of rc . As one researcher told us. 

Untoi tfely, it is not an exaggeration to say that the 
agencies expect a proposal to outline the anticipated 
discoveries. . . To require that the solutions to all 
problems be obvious before the research is beszun 
discriminates strongly against innovative work. 
Indeed, the peer review system has, at times, been antag- 
onistic toward creativity, and examples exr.t of truly creative 
and revolutionary research that has been conducted in recent 
years only in spite of obstacles inherent in the peer review 
process 

In the course of our study, we have also heard testimonv, 
which we find persuasive, that the present peer review process 
frequently makes it difficult for researchers to cnange lields 
Many highly competent scientists have been discouraged from 
moviii^, to possibly more productive and challenging tields bv 
the knowledge that if they remain in their established ones the\ 
are reasonably assured of a steady tlow of tederal support, while 
if they attempt to move, they ma> taee a much more uncertain 
future with new peer reviewers 

b. Structure of Grants and Contracts 

A further serious problem in federal support ot university 
research is the short duration of typical awards Many NSK 
grants, Ibr example, are made for only two years. DOD and 
DOE grants and contracts typical 1> require renewa! on an annual 
basis As a result, investigators — and particularU' young 
investigators — frequently spend 20 percent to 30 percent o| their 
time and energy in sustaining the flow of their research support 
Because these periods are so short, there is always tiie tempta- 
tion on the part of peer review scientists to attempt to micro- 



manage the I c search ot tiieir colleagues, re(|Uii ing niodilications 
ot pioposals both at the (Hit set and during renewal ol support 
And bcLauso the short pjriods necessitate so many reviews, the 
peer review svstcm ilscit at times becomes overw helmed It is 
not unusual t t a two-\ear grant request to require a year 
between submi m and approval It a peer review panel finds 
difficulties with a proposal, the lunding cyck is often so far 
advanced that a revised proposal may be delayed until the 
following year in the ca^-e ot new proposals, this can simply 
mean a year ot wasted time, in the case ot renewals, it nvians 
disruption of the work already in progress 

In many cases, then, the peer review system imposes signifi- 
cant and time-coiv iming paperwork burdens. The challenge is 
one of retaining Mie truly essential quality control aspects of the 
peer rc" 'w process while minimi/ing the associated bu- 
reaucracy and conservatism 

Beyond th^ peer amew stage, there are other barriers which 
limit the ability of researchers to direct optimally his or her 
efforts F('f example, the ditticulty in redirecting grant and 
contract funds when new opportunities arise is one handicap, as 
IS the inability to carr^, {cr^\ ard unexpended funds from one year 
to the next 

We particularlv recommend that agencies make greater use of 
blowk grants or contracts which permit groups of interested 
researchers to band together in pursuing common research inter- 
ests This approach allows groups of researchers to leverage 
their funds in pursuing their objectives This can also have 
important advantages in terms of continuity, development of 
highly qualified and long-term support groups, establishment of 
instruir.cntation and equipment beyond the range of any single 
uivestigali)! i>i funding nisli unieiil, mainlcnanLL of that equip- 
ment by fully qualified personnel and, peihaps most important, 
the treeing of younger participating scientists from the time and 
energy consuming bureaucracy involved in acquiring facilities, 
tnstiunientation and support at a iinie when their creative powers 
are at their peak 

4. Student Support jnd Education 

The heart ot the umversit) '■esearch svsteiii is the parallel 
education ol students In view ot the disproportionate leadership 
demands that a democratic society such as ours makes on its 
most able citi/ens, it is in the national interest that these individ- 
uals be identilied and adequately supported at an ear'y point in 
their careers so that they can develop their skills to the fullest 
No nation can long a I ford to waste even a small traction of its 
most able vouth It is important to recogni/e that many of these 
individuals are ineligible for the support, under current pro- 
grams, that would enable them to attend the institutions of their 
choice 

It IS important to cmphasi/e that the most able students in 
niathematics, engineering, and the natural sciences be enabled 
to develop then intellectual potential .nd cieativity We are 
conddent that this is in the national interest, it is the most 
etiective investment that any nation can make !n its future It is 
an essential contribution to ensuring that there is an appropriate 
pool oi v\ ell-educate J, inteiested, and ded icited young people 
liom which our guduate schools c;'n draw 
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a. Undergraduate Scholarships 

We cmphasi/c our recommendation that this support to under- 
graduate students be provided through programs of competitive 
merit-based scholarships All thesr at the undergraduate level 
should be portable m the sense that once awarded, the suc- 
cessful student should be entirely irec to hold the scholarship at 
the institution of his or her choice. In addition to supporting our 
most able youth, such a program has the great advantage of 
providing a powerful incentive to the receiving colleges or 
universities to evolve education programs of particular interest 
and attraction to the most able students. 

We recommend that a national goal 1 percent of the 
most able undergraduate students in mathematics, engi- 
neering and the natural sciences entering colleges and uni- 
versities each year be supported under these programs. In 
1^83. some 196.923 students received their baccalaureate de- 
grees m engineerirg. i/athematics uiid natural science If we 
take this as a basis for estimation and assume that 1 percent of 
the entering students receive four-year scholarship support at the 
level of $15,000 per year, the annual program cost is rough Iv 
$120 million. We consider this u) be perhaps the single wisest 
investment that we. as a Nation, could make 

It IS sobering to recognize, too. that statistic^ on the student 
populations already in the precollege pipeline show that in the 
early I990's the annual nuniber of bacculaureate degrees 
awarded will be ck)se to 150.000 rather than approximatcl> 
2(K)..KK)asin 1983 These are the data that underlie current NSF 
projections of very serious shortages of enginee*' anJ scientists 
in the I990\. 

It must also be emphasized that the merit-based scholarship 
programs that we recommend are certainly not intended in any 
way to replace the current need-based pro>:rams that have given 
access to higher education to a wide spectrum of students to 
whom It would otherwise have been denied — as well as making 
our universities and colleges more interesting and effective 
insMtutions. 

b. Graduate Fellowships 

At the graduate level, a portion of the awards should he 
reserved for fellowships for study at designated institutions m 
order to take advantage of special programs or facilities or in 
order to emphasi7,e areas where special national needs may 
become evident. 

As shown in Figure 9. the percentage of foreign students 
receiving doctorates in a number o/ fields — but most especially 
en^.iieenng — has been increasing in striking fashion in recent 
years. It must be emphasi/td. however, that this trend does noi 
reflet any greatly inireased flow of foreign students into our 
graduate schools but rather a marked decrease in the number of 
U S. students who. in the face of other opportunities, are 
•*hoosing to continue their education at the graduate level 

The current shortage of U S. graduate students in engineer- 
ing, mathematics, and physical sciences is being offset partially 
by foreign students in U S. universities. The trends are a very 
persuasive endorsement of the quality of U S graduate educa- 
tion in engineering, mathematics, and the natural sciences as 
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Viewed from other countries, but they also indicate the need to 
pio\ ide incentives for U S students to continue their education 
in these critical areas 



5. The Universities and Industry 

Becau>e industry .s the ultimate customer of a large fraction 
of the scientific and technical talent and the new knowledge 
produced by the universities, industry's wisdom and influence, 
quite apart from its financial support, are essential inputs to the 
university research environment In recent years, substantial 
progress has been made toward rebuilding the industry- 
university bridges that were largely destroyed during the period 
of rapid growth in federal support of university activities in the 
1950\ and 1960\: much remains to be accomplished in this 
vital interface, if a true industry-university partnership is to be 
established in this country 

As noted in Chapter III, industrial involvement with univer- 
sities IS increasing through a variety of mechanisms. In addition 
to these varied forms of research interactions, it must be recog- 
nized that the prime motivation for overall industry support of 
the health and activity of U.S universities is the continuing 
demand for trained scientists, engineers and other graduates. 
The technological revolution not only makes heavy demands for 
new young scientists, mathematicians, and engineers in the 
marketplace, but also focuses increasing ^^ention on the crucial 
need for effective continuing education 

Not too long ago it was widely assumed that the educational 
phase of one's life was over after the completion of 3 formal 
uni'vCi>>it> tiaiiUng aiiii tliat it wa> iiinc to niDvc oli to the iCa! 
world, applying that education But the increasingly rapid pace 
of technological change has made such a view totally unaccept- 
able — if indeed, it ever was acceptable Obsolescence of engi- 
neering and scientific skills is becoming ever more rapid, and in 
their own self-inte»-est, industries must work with un:versities to 
develop and support new mechanisms and programs whereby 
university resources of faculties and facilities can be made more 
available to older scientists and engineers who recognize the 
necessity of renewing and modernizing their expertise or who 
may wish to make a major change m their career path Univer- 
sities and industries should work together to provide effective 
life-long educational opportunities for employees and technical 
people generally 

As noted earlier m this report, the cuirent U.S. competitive 
position in defense, trade, and health is strongly coupled tc 
earlier investments in science and technology. We are now beiiit. 
challenged to remain competitive in those very areas of science 
and technology where ou»* preeminence was once unquestioned. 
To respond to this challenge we must reestablish those links 
between industrial innovation and academic science that were in 
the past the catalysts of U S industrial technologies. 

And this must be done with the recognition that the problems 
to be addressed have burst the conventional disciplinary bound- 
aries. The basic research that will be necessary to fuel our 
economy in the future will require interactions across disci- 
plines and with the active collaboration of many groups having 
different perspectives and training 

27 

32 




It IS our conviction that the mullidisciplinary centers (dis- 
cussed earlier) ba'^ed on these premises will allow a flexible 
response to new opportunities, give industry a window into the 
campus environment, and will pay bark the public investment 
manylold Such programs offer a student who has a firm 
grounding in one of the established disciplines at the under- 
graduate level an opportunity to contribute his expertise as an 
effective partner in a niultiaisciplinary program at the graduate 
level that truly draws on the insights and intellectual rcsou^LCs ot 
all the relevant disciplines Such centers can provide a focus for 
faculty members who straddle traditional departmental bound- 
aries and for whom universities often find it difficult to establish 
long-term positions 

6. The Universities and the Federal Laboratories 

increased interaction between the federal laboratories and the 
unIversltIe^ should be encouraged The Panel fully supports the 
recommendation in the White House Science Council Report on 
Federal Laboratories that ihese laboratories should enLourai»<^ 
much more access to their lacilitics h> both Uiiiveisit.cs and 
industry Kxchange programs that piovide opportunities loi 
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laculty and graduate students to work in the laboratories and for 
laboratory scientists to teach in the universities and colleges 
should be enhanced The Vulue of increased involvement of 
univeisity scientists and admini. trators as advisors to laboratory 
programs was also noted in the Energy Research Advisory 
Board Report on the Relationships between DOE and the Uni- 
versities The potential for existing feden*! laboratories to play a 
C(^mplementary role to the universuies in both research and 
training should be further developed 

7. Role of State Governments 

Like industry and the federal laboratories, communities bene- 
fit substantially from being located near strong universities. 
Silicon Valley in California, Route I2S in Massachusetts, Re- 
search Triangle Park in North Carolina, and similar develop- 
ments in Austin, Texas, an^ well-know n examples State govern- 
ments have a responsibility to help shape and develop local 
universities to meet regional needs i.ml characteristics Par- 
ticuhirK uith respect to slate universities but also lor private 
univeisities, states can have a pK lounJ effect on the qualitv of 
institutions bv augmenting federal rcsearth paigiams in aica'^ of 
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particular regional interest (i e , agriculture, seismology, metal- 
lurgy) by providing infrastructure support and unrestricted 
grants to institutions, to groups of researchers or to individual 
faculty members and by becc.ning actively involved in the 
education process Perhaps most significant, the state govern- 
ments can work with local universities and industry to improve 
pre-college education in science and mathematics, creating rip- 
ple effects tb'oughout the entire education system. 

8. Conclusions 

The combination and balance of factors that create an effec- 
tive environment for academic research and training are com- 
plex and largely undefinable. The F^nel has attempted to iden- 
tify several issues that have a significant effect on the way 
research and training is conducted at universities, and where 
beneficial changes can be made. 

It i*> clear to u*- that the short duration of grants at many federal 
agencies provides paperwork barriers and fiscal uncertainty for 
the investigator that far outweighs any advantage to be gained by 
more frequent monitoring of research progress. 

An important initiative that we recommend to increase the 
effectiveness of the academic research environment is the in- 
crease in duration of most federal grants to at least three and 
preferably five years. This would increase not only stability but 
also effectiveness m reducing the number of renewals and the 
amount of reporting paperwork required in a given period of 
time During the past year, NIH has already taken important 
steps to lengthen the periods of their grant commitments. We 
applaud this initiative and encourage other agencies to follow 

A related issue is the liberalization of policy so that inves- 
tigators can make the most effective use of their funds To 
increase stabiliiy and flexibility in the use of research funds, we 
recommend that successful investigators should be allowed to 
use 10 percent of their grant or contract funding on a discretion- 
ary basis: further, they should be allowed to carry forward 
unexpended funds in their grants or contracts from one fi.^eal 
year to the next. 

As a final point m this area, we recommend that agencies 
should make much greater use of block grants or contracts which 
permit groups of interested researehers to band together in 
pursuing common research interests 

We would encourage the peer review group to focus less on 
the predictability of success implied in a pmposaL and more 
the track record of the investigator 

Together with research, the major mission of the university is 
the training of young minds. It is the view of the Panel that a vital 
element of national well-being depends on the opportunities 
provided to its most able citizens, regardless of eciinoniic or 
social class. Perhaps the most important guarantee that these 
opportunities will exist, is appropriate education and training 

We recommend, therefore, the establishment of substantial 
programs ot merit-based, portable, tederally suppi>rted schol- 
arships and tellowships in mathematics, engineering, and the 
natural sciences at the undei graduate level WV" turther rcLoni- 
niend that parallel pn^granis in industry he estaolished at the 
initiative ot individual companies. It is essential that, at the 



undergraduate level, all these scholarships should he portable in 
•he sense that onee awarded, the student be allowed complete 
freedom to select the university or college in which th ; award is 
to be held 

We recommend that the Nation should accept as a goal the 
provision of merit-based support tor the mo.t able 1 percent of 
our students in mathematics, engineering, and the natural sci- 
ences entering colleges or universities each year We are con- 
vinced that this will represent the most effective investment ''lat 
this Nation can make in its future. Substantial programs of 
multiyear merit-based fellowships, both federal and industrial, 
should also be estabished in science, mathematics, and engi- 
neering at the graduate level Reflecting broad national needs, 
the field distribution of these fellowships likely would change 
over time. At the graduate level, we recogn" j that it will be 
desirable to have a substantial fraction of the awards nonportable 
in the sense that they are attached to a particular institution, 
facility or program to reflect perceived national needs. 

In order to insure that students can be sufficiently trained to 
cope wi^h the changing boundaries of research, we recommend 
that more emphasis in universities be placed on the development 
of interdisciplinar}' programs at the graduate and postdoctoral 
level Universities offer a unique environment where not only 
scientific and technological expertise but also that from the 
social, behavioral and economic sciences as well as the human- 
ities can be brought to bear on problems of major importance 

We note lat industries and universities have a common need 
and responsibility to develop attractive continuing education 
mechanlsm^ and programs for engineers and scientists that are 
matched to contemporary industrial requirements and to modem 
science aild tCChnolv/g} 

9. Recommendations 

1 Federal agencies should work toward an average research 
grant o; contract duration at universities tor at least thref*, 
and preterably five, years 

2 Investigators should be tree to use up to 10 pt ceni .if their 
grant or contract support on a fully discretionary basis and 
should be permitted to carry unexpended tunds forward 
trom one fiscal >ear to the next 

3 Federal agencies should make much greater use of block 
grants or contracts in support ot groups ot investigat(»rs 
having sha.:d research interests 

4 Fiir greater tiexihility. to tacilitate changes in an inves- 
tiizatiir's neld ot research, and to support high-risk re- 
search, federal support agencies should, except in the 
cases ot young investigators, place substantially more 
emphasis upon the research history ot the investigator and 
less on the proposed research project in making awards 

5 A substantial program ot merit-based, portable schol- 
arships should he established by the federal government at 
liie undergraduate levrl Parallel programs should he es- 
tablished b\ all industries having significant dependence 
upon university i esc arch and education Tlic national goal 
should be toi the most able 1 pcicen^ of the undeigiaduatc 



ERIC 



34 



29 



students in niathcmncs, engineering, and the natural 
sciences entering colleges or universities each year to be 
supported under these programs This program is reconi- 
iiiended as an addition to, not a substitution (or. existing 
need-based federal assistance programs 

6 Substantial programs of multi-year nieril-based tel- 
lowships, both federal and industriaK should be cstab- 
irhed in science, mathematics, and engineering at the 
graduate level Reflecting national needs, the field dis- 
tribution of the.se tellow ships would be expected to change 
over lime 



7 I'liiversith^s should encourage inteidisciplinar> activities 
at the graduate level v*hile retaining the essential quality 
Lontrol Uinction now plavcd b\ the traditional disciplinary 
departments 



K Industries and universities should develop attractive con- 
tinuing education proj:ranis lor engineers and scientists 
hat are matched to contemporary industrial requirements 
and to modern science and technoloiiv 
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VL Summary 



For most ot this country's history, basic research was largely 
neglected, and came predominateK from Europe Federal in- 
volvement in universities was primarily in applied areas such as 
i^inciilture and engineering Industry also had hmited mterac- 
tion with universities, and again essentially in applied field* For 
the past 40 vears. the major elements in the evolution of 
univers.ty-based research has been the relative weakening of the 
university-industry connection and the strengthening of the 
university-federal government interaction (Note that a three- 
wav "partnership" has never had more than a transien; and 
limited existence ) In parallel with these changes has come a 
grov\mg recognition of the importance of basic research in 
serving the needs of society, and of the importance of the 
universities in this endeavor 

The federal government s relationship with the universities 
has always been based on the premise that university activities 
ate iuttuaiiiciilai iiiccuiig soLiciy > needs Ovci a Lciuut v ai:^>. 
the Nation's dependence upon the agricultural economy siimu- 
lat':d establishment ot the land-grant colleges, whose research 
and training helped make American farmers the most productive 
on earth Today. v\'e depend on technology for our competitive 
edge m virtualh every area of our economy. Our investipents m 
university education and research, and thus in new scientific 
knowledge and talent, j^^'c tlierefore even more important To 
carry out this mission, it is essential that the major participants 
in the research enterprise, government, industry, and univer- 
sities, clearly define their roles and responsibilities in the 
partnership 

It mus. be recognized, however, that university-ba^e<^ re- 
search has. in the modern era. been 70 percent supported by 
federal lunds and that more than 60 percent ot the basic research 
performed in this country iscondi'cted at universities. The long- 
range nature of basic research, and the absence of any predicta- 
ble payoU. effectively precludes significant investment from 
industrv Furthermore, the scope of university-based research is 
fa* too great to be supported through internal resources alone 



Consequently, it is the federal contribution that will determine 
the rate of growth of the system Perhaps even more important 
than the leve^ of funding, however is the need for stability and 
predictability of scope and support from federal funding They 
are essential to the effective use of financial and human re- 
sources In the past. .>uch stability has been sadly lacking. In its 
absence, important opportunities have been lost, resources have 
been used in less thanoptim"m fashion, and. most serious of all, 
some of the brightest young m.inds have been lost to science and 
technology 

The interaction ot industry with the universities is essential to 
provide an effective exploitation of the research base This 
partnership is critical to our national well-being in an in- 
creasingly competitive world marketplace Particularly impoi- 
tant IS the assistance industry can give in understanding the 
translation of basn: research to technology development. As 
inncu caiiict. liie iiaiuie of liic^e iiilei anions aic as nnpuiiani as 
the direct financial contributions which industry may make to 
the support of research. 

The Panel has attempted to identify some specific problems, 
and has made specific recommendations that bear on the health 
of the universities, independent of the scenarios that the 
Panel has considered, one clear fact emerges. Within the 
context of probable future growth, hard choices lie ahead for 
universiti^^s. It will not be possible to accomplish all the 
things that would be in the national interest in the near 
future; it may ^eil be impossible to accomplish all of them 
even in the long term. It is the responsibilit v ol each university 
to make the ditficult trade-offs among faculties, facilities and 
piograms necessary to maintain its institutional health and vi- 
tality w ithin whatever level of external support it may find itself 
construned to operate It is equally the responsibility ill of 
the participants in the R&D enterprise mutually to estal i the 
goals ot federal funding— particularly the questions ot stability 
and growth, enhancement and expansion Only then can the 
details be defined in a rational manner 
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APPENDIX A 



THE WHITE HOUSE 



WAS H I N G TO N 



May 3, 1984 



Dear Sol: 

A' you know, our nation's ability to compete successfully 
both in the military and industrial arenas will depend a 
great deal on the continued creation of knowledge and an 
adequate supply of scientific and technical talent. The 
support of basic research and the production of such talent 
are major objectives of the Administration's science and 
technology policy. The continuing health of our nation's 
universities is fundamental to this policy. Although our 
universities and colleges are now the best in the world, I am 
concerned that lack of agreement on a number of long-standing 
problems could affect their health and vitality. These 
problems have been documented in numerous recent studies. 
They directly affect the ability of the universities to 
attract and retain the best minds both to do research, and to 
teach and learn, in science, engineering and medicine. 

I would appreciate it if the WHSC would examine and make 
necessary recommendations for revising the principles under- 
lying the relationships between the Federal government and 
the universities, especially as they affect the U.S. ability 
to create the scientific and technical talent and to conduct 
the research needed to sustain America's leadership in indust: 
and defense. The Council should provide a tautly reasoned 
policy statement, which would serve to guide Federal actior^ 
with respect to universities and colleges. 

My office will coordinate the necessary staff support, 
resources and administrative arrangements for your effort. 



Dr. Solomon J. Buchsbaum 
Executive Vice President 
Customer Systems 

Bell Telephone Laboratories, Inc. 
Room 2F601 

Holmdel, New Jersey 00773 



Yours truly. 



G. A. Keyworth 
Science Advisor to the President 




APPENDIX B 



ACTIVITIES OF THE WHSC PANEL ON THE HEALTH OF U.S. COLLEGES AND 

UNIVERSITIES 



The Panel was established by the While House Science Coun- 
cil, at the request of Dr George A Kev worth, former Science 
Advisor to the President 

Its initial organi/aiional meeting was held in Washington on 
May 17, 1984 Subsequenilv. the Panel held eight additional 
one-day and two two-day meetings Over the period since May 
of 1984, a sub'^tantial number of working group meetings have 
been held in Washington, New York and New Haven m order lo 
prepare material for discussion at the plenary sessions held on 
June 19, August 6-7. September 19-20. October 2S. November 
29 of 1984. and January 1 1 . February 8. June 7. June 27 and 
September 28, 1985 

During the meeting on September 19. 1984, the Panel heard 
from a number of representatives of the academic and scientific 
communities (see Appendix C). and during that on June 7, 
1985, from representatives of the Department of Health and 
Human Services. During working group sessions, members of 
the Panel and OSTP staff met with representatives of the Depart- 
ment of Defense. National Science Foundation. Office of Man- 
agement and Budget. National Institutes of Health. Association 
of American Universities. National Research Council and the 
Council on Governmental Relations 

In order to obtain input from as broad a spectrum of opinion 
and experience as possible, the Pane! prepared questionnaires 



(see Appendix D) which were sent to a Miniple of university 
pre>idents, academic principal investigators, academic admin- 
iMrators, industrial chiel exetutive otticcrs, foundation ex- 
ecuti.es and executives ot academic associations 

The list ot those who responded to these questionnaires or 
who volunteered input to ^^c Panel is provided in Appendix E 
The insight prov ided by these correspondents has been of great 
assistance 

A penultimate draft of this Report was circulated to the Panel 
members for comment in August of 1985, to members of the 
White House Science Council and to a very limited number of 
senior federal administrators who generously agreed to receive 
the draft on a privileged basis and provide us with their critical 
comment The comments received from all of these readers have 
been most helpful to the Panel 

On September 26, 1985, the Panel held its final meeting at 
w hich time the content of the Report was finalized for transmis- 
sion to the White House Science Councl 

Dr. Bernadine Healy, Deputy Director of the Oftice of Science 
and Technology Policy, has served as Executive Secretary of the 
Panel She and Dr George Key worth. Director of OSTP, have 
been active participants in the Panel activities. We have been 
most ably supported by Mary Gant and other members of the 
OSTP staff The warm thanks of the Panel goes to all of them. 
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APPENDIX C 



WITNESSES APPEARING BEFORE THE PANEL 



September 19, 1984 



Robert M. Rosenzweig 
President 

Association of American Unucrsiiics 
\ Dupont Circle 
Washington, D C 20036 

Edward J. Bloustein 

President 

Rutgers — The State Universit) 
New Brunswick. NJ 08903 

Harlan F. Foss 

President 

St Olaf College 

Northfield. MN 55057 

John A. D. Cooper 

President 

Association of American Medical Colleges 
I Dupont Circle 
Washington, D C, 20036 



W. K. H. Panofsky 

Director Emeritus 

Stanford Lmear Accelerator Center 

Stanford University 

PO Box 4349 

Stanford, CA 94305 

Richard Muller 

Professor of Physics 

University of California, Berkeley 

Berkeley, CA 94720 

William N. Kellcy 

Head of Internal Medicine 
University of Michigan 
Medical Center 
Ann Aibor, Ml 48109-0010 

Theodore Cooper 

Executive Vict President 
Upjohn Company 
Kalamazoo, Ml 49001 



June 7, 1985 



lieiiiy Kircheniiiaiin 

Deputy Assistant Secretary for Pr(x:urement, Assistance, and 
Logistics 

Department of Health and Human Servics 
Washington, D C 20201 



Gary Talesnik 

Director 

Office of Procurement and Assistance, Financial 

Management 
Department ol Health and Human Services 
Washington, D C 20201 
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APPENDIX Dl 

QUESTIONS SENT TO UNIVERSITY PRESIDENTS 



1 What doycu beiieve to be the major problems, if any, m irainmg new scientific and engineering laleiii in 
our universities and colleges? Any solutions'' 

2 Do you perceive instabilities in the current paitnership oi government-university '.pen. ored research'^ If 
so, what are they? 

3. Are there federal policies regarding government research funding that you find unduly burdensome? Any 
suggestions for change'^ 

4 What in your view is the best way to deal with the rising indirect cost rate for sponsored research'^ Ar«^ 
there ways that the departmental and sp ;n sored project administration costs, which comprise close to 40 
percent of total indirect cost reimbursements, can be reduced? 

5 How are you affected by the federal requirement for cost sharing and its documentation'^ How best should 
the university and government share the costs of research'^ 

6 What are the risks and benefits of university-indus'ry collaboration with regarcl fo financial interaction or 
exchange of human capital? 

7. What impediments to fruitful research are most often mentioned by researchers'' Wti changes, if any, 
might alleviate these impediments? 

8. What IS your assessment of your university s facilities (buildMgs and equipnie a) for science and 
technology*' If you have pioblems with facilities, what aspeci,, if any, appear to defy resolution without 
federal government involvement? 

9. What steps, if any, could the federal government take to improve the quality of science and engi .^eir ' \ 
education at non-research (i.e., primarily undergraduate) institutions? 

10 Do foreign students comprise a substantial portion of your science and technology student body*' What 
advantages and disadvantages do they present? 

1 1 . Do you set priorities among areas of science in allocatirg research resources within your university' If so 
how? 

12 Are there specific interactions be tween your institution and the federal R&D agencies that you see as 
posing difficulties or you would like changed ' Do you fee! yju have a vc ice withm those agencies on 
issues of funding mechanisms, peer review, etc ' 
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APPENDIX D2 



QUESTIONS SENT TO FOUNDATIONS 



1 From your perspective . what are the major strengths and weaknesses m the L S M\ersit\ s>steni v\iih 
respect to the training ot new scientitic talent** 

2 Becau«-c of escalating costs, problems with tacihties, equipment, and laculty shortages in some disci- 
plines, there is concern about the abihty ol U S universities to carry out their research and educational 
missions in science. In general, what responsibility does the federal government have, it anv. to correct 
the situation'* 

3 The federal government supports about 66 percent ot U S basic research From your perspective, is the 
I^Tesent program uf support properly distributed aniong the various areas of scic^je to meet the needs of 
today's industries'? 

4. Almost half of the federal tunding for basic research goes to roughly 2j top U S research umversuies 
Should the government broaden the support and increase the number o! top research universities'* If so. 



5 What role, if any. should the federal government assume in providrng new or replacement capital tor 
universities in which significant numbers of scientists and engineers are trained'* What is industry's role * 

6 What arc ^he risks and beneiits of industry and university collaboration either with regard to financial 
interaction or exchange of human capital * Should the government seek to increase research mleraelions 
between industry and the universities and. if so. 1 ) how important is this task and 2) what mechanisms 
should be employed to accomplish it * 

7 Could industry benefit from greater involvement with universities'^ If so, what factors limit its interaction* 

8 What should be the federal policy with regard to admission of foreign students in science and engineering 
at U S universities'* 

9 How actively do^s your organization support academic institutions * How many resources, human or 
fiscal, are involved* 

H) Do you ihink industry is able to attract the number and qudiit\ M technical talent to nieei its needs * 



how'* 
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APPENDIX 1)3 

QUESTIONS SENT TO INDUSTRIAL CHIEF EXECUTIVE OFFICERS 



1 From your perspective, what ire the major siu ,ihs and \\eaknesses in the 11 S uni\ersii\ svsiem uith 
respect to the training of new snentitic talent ' 

2 Because of escalating costs, problems with facilities, equipment, and tacult) shortages in some disci- 
phnes, there is concern about the ability ot U S universities to carr> out their research and educational 
missions in science In general, what responsibility does the tederal government have, it any. to correct 
the situation ' 

.1 The federal government supports about 66 percent of 1^ S basic research From your perspective, is the 
present program of support properly distributed among the various areas of science to meet the needs of 
today s employers, especially industry ' 

4 Almost half of the federal funding for basic research goes to roughly 25 top U S research universities 
Should the government broaden the support and increase the number of top research universities'^ If so, 
how? 

5 What role, if any. should the tederal government assume in provic^'ng new oi replacement capital to* 
umversities in which significant numbers of scientists and engineers arc trainee'^ What is industry's role? 

6 What are the risks and benefits of industry and university collaboration either with regard to tinancial 
interaction ( r exchange of human capital ' Should the government seek to increase research interactions 
between industry and the universities and. if so. I ) how important is this task and 2) what mechanisms 
should be employed to accomplish it ' 

Could your firm benetit from greater involvement with universities' li so, what tactors limit yovr 
interaction? 

8 What should be the federal policy w ith regard to admission of foreign students in science and engineering 
at U S universities' 

9 How actively does your organization support academic institutions ' How many resources, humai. or 
fiscal, are involved? 

10 Is your institution able to attract the number and quality of technical talent to meet vour needs ' K this issue 
a concern in your corporate planning ' 
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APPENDIX D4 



QUESTIONS SENT TO PRINCIPAL INVESTIGATORS 

\ . What do you believe to be the major problem*^ if any, in training new scieuufic talent in our universities 
and colleges? Any solutions? 

2 What changes do you think would make a career in university research and teaching more attractive to 
young PhD's'^ 

3 Are there federal policies regarding government research funding which you find unduly burdensome? 
Any suggestiv^ns for change? 

4 What in year view is the best way to deal with the rising indirect cost rate for spon^^ored research'^ Are 
there ways that the departmental and sponsored project administration costs, which comprise close to 40 
percent, can be reduced? 

5. Should the federal government allocate more funds to institutional or block grants, or to larger 
multicomponent speciahzed center grants? What do you view as the relative advantages and disadvan- 
tages of individual, block and center funding? 

6 Do you have specific concerns about or comments on federal agency grant application mechanisms, 
funding time penods, the review cycles, or appeals process? 

7 Do you see problems with the " isting peer review mechanism? How should methodology, quality of 
ideas, and track record of the investigator be weighed in evaluating a proposal? 

8 What IS your assessment of your university's facilities (buildings and equipment) foi rscience and 
technology*^ If ther^ are problems v/ith facilities, what aspects, if any, appear to defy resoli'tion without 
federal government involvement'^ 

9 Do you have direct experience with industry :,upport'id research'^ What have been the benefits and costs of 
such research? 

10 Do you have concerns abo- ^ the number of '*o;e(gn graduate stu^ients in science and engineering? What 
j^dvdntages and disadvantages dv) they pres^.h' ' 
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APPENDIX E 



CORRESPONDENTS WHO PROVIDED INPUT TO THE PANEL 



Robert H. Abeles 

Professor and Chairman 

Graduate Deparlnicnl ot Bu)cheniistr> 

Brandeis University 

Arnold Allentuch 

Associate Vice President tor Academic Attairs 

Office of the Associate Vice President h)r Research and 

Graduate Studies 
New Jersey Institute of Technology 

Richard V. Andrews 

Dean, Graduate School 
Creighton Univer'^it) 

D.J. Angelakos 

Professor 

College of Engineering 
Electronics Research Laboratory 
University of Cahfornia, Berkeie) 

Richard C. Atkinson 

Chancellor 

University ot California, San Diego 

Caroline L. Ayers 

Chairman 

Department of Cheiristrv 
East Carolina Universit) 

Warren J. Baker 

President 

Calitorma Polytechnic State Universitv 
Albert A. Barber 

Vice Chancellor — Research Programs 
Un versit) ol Cahforma, Los Angeles 

Michael Bass 

Chairman, Electrical Engineering, hiectrophysics 
Sch(H)l ( f Engineering 
Departniv^n^ of Electrical Engineering 
University ot Southern California 

John K. Beadles 

Dean of the Graduate School and Ci-ordmati^'T ot Organized 

Research and the Committee of Arts and Sctnccs 
Graduate School 
Arkansas State University 

Steven C. Bee ring 

President 

Purdue University 

Walter G. Berl 

Applied Ph)sics Laboratory 
The Johns Hi^pkins University 



Charles K. Bockelman 

Deputy Provost 
Yale University 

Lewis M. Branscomb 

Vice President and Chiet Scientist 
IBM Ciirporation 

Thomas A. Breslin 

Directiir 

Academic Affairs 

bivision of Sponsored Research and Training 
FU)rida International University 

Thomas Brill 

Professor of Chemistry 
Department of Chemistry 
University of Delaware 

James J. Brophy 

Vice President tor Research 
The University of Utah 

Fred G. Burke 

Vice President 

Office of the Vice President for Graduate Education and 

Research 
The University of Connecticut 

J.W.A. Burley 

Act:iig Dean of the Graduate School 
The Graduate School 
Drexel University 

Robert L. Caret 

Dean of Natural and Mathematical Sciences 
T)wson State University 

William D. Carey 

Executive Officer 

American Association for the Advancement ot Sciences 

Mary Ann Carroll 

Dean 

School of Graduate Studies and Director of Research 
Indiana State University 

L uce Carsv^ell 

Senior Vice President — Human Resources 
GTE Coiporatioti 

Francis J. Catania 

Dean, Graduate School 
Loyola University o( Chicago 

(yien T. Clayton 

Dean 

Ollice ot the Dean of the (iraduale School 
Stephen E Austin State University 
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John A.D. Cooper 
President 

Association of American Medical Colleges 

VViiiiam J. Coopen Jr. 

Dean. The Graduate Schrol 
Louisiana State Universi y 

Dale R. Corson 

Chairman 

Governnient-University-lndustr\ Research RoundJable 
National Academy of Sciences 

Mark H. Curtis 

President 

Association of American Colleges 

John Dromgoole 

Associate Director 

National Commission for Cooperative bducation 
Edwin G. Eigel, Jr. 

Provost and Vice President for Academic APairs 
Division of Ac ideniic Affairs 
University of BriJ<!eport 

Herman Feshbach 

President 

American Academy of Arts and Sciences 

George W. Fisher 

Dean 

School of Arts and Sciences 
The Johns Hopk ns Universit\ 

Peter T. Fla\%n 

Pre^ldcnt 

The University of Texas at Austin 

James O. Freedman 

President 

The UniverMty of Iowa 

Harold M. Fullmer 

Director 

Institute ot Dental Research 
University ot Alabama at Birmingham 

William P. Gerocrding 

President 

University ol Washington 

j )ci (iersten 

Executive Officer 

The Graduate Schi*ol 

City University o' Nev\ York 

A. Barlett (liamijtti 

President 

Yale University 



V\.C. (iodky 

AssoLiate Dean 6i Director 
College of AgniHiltiiral Sciences 
Clemson University 

V\ illiam T. (lolden 

Corporate Director and Irustee 
AmeriLan Museum ol Natural llistoiv 

Marshall (lOrdon 

President 

Southwest Missouri State L?riversit\ 
Harrv J. Gray 

Chairniaii and Chief hxecutive Otlicei 
United Technologies 

Louell M. Greenbaum 

Acting Dean 

Acting Viee President tor Reseaich 
Scliool of Graduate Studies 
MediLal Coll'^ge ot Georgia 

Phillip A. GrifTiths 

Provost 

Duke Umversit) 
Stanley R. Hart 

ProfesvK ot Geology and Geochemistr\ 

Department of Harth. Atmospheric, and Planetary Sciences 

Massachusetts Institute of TechnoU)g\ 

P.M. Henry 

Chairman 

Department of Chemistry 
Linola L'niverMty ot Chicago 

Theodore M. Hesburgh 

President 

University ol Notre Dame 

S. Richardson Hill, Jr. 

President 

The University ol Alabama in Birniingham 
Richard H. Holm 

lliggins Professor ol Cheniisti) and Chaiiman 
Department of Cheniistr\ 
Harvard Universitv 

Kenneth L. Ho\ing 

Vice Provost lor Rescaicli Administiation and Dean ol th 

(jraduate College 
Ciraduate College and Ollicc ot Rescaah AdnumstiaHon 
The Universiiv ol (Oklahoma 

Y. Hsueh 

IVolessor and Chairman 
Department ot Ocean ographv 
[he Morida Stale Umvcrsitv 

i)a\id L, Jeffrey 

Associate Dean and Coordinatoi ot Rcseaah Services 
01 (ice ol the Dean ot the Ciiaduatc SlIiooI 
Stephen P A.istin Stale Uiiivcr ilv 
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William P. Jencks. 

Professor ot Biochcnusirv 

Graduate Deparimcnl ot BiochcMiiisir\ 

Brandeis University 

X Charles Jennett 

Dean of Engineering 
College of Engineering 
Clenison University 

Richard T. Jerue 

Vice President for Go\ernnicni Relations 

Ameriean Association of State Colleges and Unnersities 

A. William Johnson 

Dean 

Graduate School 

The University ot North Dakota 

M.I. Johnson 

Associate Dean — Res^iarch 
The Graduate School 
Washington State University 

Bryce Jordan 

President 

The Pennsylvania State University 

Don P. Kedzie 

Dean 

College of Engineering Agriculture and Applied Sciences 
Arkansas State University 

Donald Kennedv 

President 

Stanford University 
Joseph Kestin 

Research Prof'^ssor and Director 
Center tor Encrg> Studies 
Brown University 

Hugh Kirkpatrick 

Acting Dean 

Office of the Graduate Dean 
North Texas State Univers :y 

Edward L. Lamie 

Chairman 

Computer Science Department 
Cahfomia State College. Stanislaus 

Ralph Landau 

Principal Stockholder 
Listowel Incorporated 

Jules P. LaPldus 

President 

The Council of Graduate Schools in the United Stales 

Georgia E. Lesh-Laurie 

Dean of the College of Graduate Studies 
Cleveland State University 



Richard VV. Lyman 

PicsKlenl 

Ihe Rocketeller Foundation 

1 homas C. M:*cA\oy 

Vice Chairman 
Corning Glass Works 

Alfred F. MacKay 

Dean 

1he College of Arts and Scenccs 
Oberiin 

George Magner 

Provost 

UniNcrsity ot Houston 

K\e Marder 

Associate Professor 
Deparlnienl of Biolog) 
B»"andeis Univcrsiiv 

Paul C. Martin 

Dean ot the Di\'ision ot Applied Sciences 
Harva d Univer 'ly 

VVaKer E. Masse^ 

Vice President for i ^search and lor the Argonne National 

Laboratory 
The University of Chicago 

John E. Maxfield 

Dean of the Graduate School and Uni\ersil\ Research 
Louisiana Tech University 

ii.W. May 

iK'dU 

*.\)llege ot Enginecimg 

The Unuersiiv of New Mexico 

VV.D. McElroy 

Prolessor of Biologv 

Departn^enl of Biologv 

University ol California, San Diego 

Howard P. McKaughan 

Acting Dean 

Graduate Division and Research Administration 
University of Hawaii at Manoa 

David T. McLaughlin 

President 

Dartmouth College 

Leigh W. Mint/ 

Associate Vice President 

Acad en ic Programs 

Calitornia Stale Univcrsii\, Havwaul 

Floward B. Palmer 

Acting Dean 
Graduate School 

The Pennsyhania Stat<? UnivcisUj, 



ERIC 



47 



43 



\Vesle> \\. Pos\ar 

Chancel I oi 

l'ni\crsii\ of Pittsburgh 

Frank Press 

President 

National Acadeniv o\ Scienics 

Donald R. Price 

Vice President tor Research 

The Graduate School and the i ol Sponsored KcsiarLh 

Univcrsiiv o\ Florid;* 

K. Marcus Price 

Chairman 

Department of Ph\sies and Asininmin 
University of New Mexico 

Da\id Prins 

Acting Dean 

C lege ol Arts and ScienLCs 
Universit\ of Washington 

Simon Ramo 

Director 
TRW, Inc 

Donald \V. Rennie 

Vice President t >r ^ search 
University ol Bi 

Frank H.T. Rhodes 

President 

Cornell Universitv 
Kent D. Richards 

Interim Dean of Gtaduale Studies and Kcseaich 
Central Washington U*M\e?sii\ 

John H. Richey 

Director 

Research and Pio)eci Adnunisiralioii 
UniversitN ol Rochester 

Carl D. Ri^^s 

Dean, Graduate School 
Univcrsitv Sou h Florida 

James M. Rosser 

President 

California State Uni\ets!i\. I.os Angeles 
Neha («. Runnals 

Dean foi Curriculum. Reseaich and (jiadiialc Studies 
Uni\ersit\ of Wisconsin 

J. Palmer Saunders 

Prolessor ol Pharniacolog\ 
Dean ol the (iraduate School 
I he Univeisitv ol lexas 

Graduate School ol Biomedical Sciciilc a( daUesion 



John K. Saw>er 

Picsidcnt 

I he Aiuiic\\ W Mellon hMndalion 

Roland Ahmitt 

Scmoi N'lLC [*iesidcnt 

Coipoiale ReseaiLli and l)e\elopiiienl 

(icncial hle.'liiL 

liarold W Shapiro 

Piesideni 

Ihe I'liisersiiv ol Mulligan 

John Shattuck 

\ ICC Piesutenl 

(iinernmeni Coninuinil\ and PuhliL Al lairs 
Maivard l'ni\cisii\ 

Mark Shepherd, Jr. 

C liaiima» 

lexas InsiruiiKnis 

' ihii F. Sfiernian 

\'ice Piesident 

Association ol Anie uan McdiLcd C\illeges 

Paul (i. Shew moil 

Piolessor MetalluiL-ual l-.iigineenng 
Dcpatlnieiit of Mnallurgical hngineciing 
l*ie Ohio Sla'e Uni\eisit\ 

Harrison Shull 

Chancelloi 

rniversriN ol Coloiado. Bouklei 

Allen J. Sinisgalli 

Diieciof 

OlliLC ol Re search and Pro)ecl \diiii nisi ration 
PriiKel(>n l'n:\cisit\ 

Michael I. So\eni 

Piesident 

C(*Knr.hu* ''ni\cisii\ m the Cil\ ol New ^'oik 

Williani (>. Spit/ei 

\'iLC ProNosi loi RL*scaiLli 

OlllLC ol the PlONOSl 

rm\eisit» ol Souiliein Calitoima 
Robert L. Sproiill 

Pie^idLMil I mciiUis and Piotcssui ol PIivsils 
rnucisits ol RoLliestLM 

John II. Steele 

DllCLlOI 

\\o(kIs Hole OLcanogiaphu Institution 

Rolurt l\ Stetson 

DllCLlOI ol Sponsotcd KcsciiLh 
I loiida AlLiniiL I nueisitv 

Richard L. Sutter 

\ssis(,inl DiicLioi 
Inlcin.ilional Pioi'iaiiis 
I he Cahlcwnia State ( ni\v 



ERIC 



i8 



Alfred 1. Taubcr 

AssocialL* Professor ot Ml-Jilmic 

Chict o\ Hciiialolog) ana OiKoloi!) Sixtioiis 

Dcpuilnicnl ot Mcdf miic 

Boston Cit\ Mospilul 

Frank R, Tepe, Jr. 

Associate Vice J^csidcnl 
I'nivcrsiiN ol Cincinnati 

Donald C*. Thomas 

Dean School ot Graduate Studies 
Wriizht State Uni\ersit\ 

Chang-Lin Tien 

Vice CliaMLelloi — Research 
l>ni\ersit\ oi Cahtoniia, BerkelcN 

John S. Toil 

President 

Uni\cisit\ i)t Maryland 

T.A. Tombrelio 

Prol es so r ot Pli _\sie , 
Phvsics Depai tiiient 
Call torn la Institute ot Teehnologv 

John (i. Truxal 

Distinguished Teachini: Professor 
Department of Technologs and SocietN' 
College ot Hniunecnng and Applied Sciences 
New York S:ate University. Sumy Brook 

Augustus B. lurnnbull, 111 

Vice President and Protessor 
The Florida State Uni\ersit\ 



Clarence L. Ner Steeg 

Dean 

I he Graduate Schcuii 
Noith western Univeisit) 

William (i. Wagner 

Dean 

Natural Sciences and Malhenialics 
College ol Ixllers. Arts, and Sciences 
I'niversity ol Southern Calitornia 

Donald E. Walsh 

Director 

Research and Grants Adiiunisiralion 
Texas Woman's L'niversitN 

Volker Weiss 

Vice President lor Research and Graduate At!c. rs 
Syracuse* Universii\ 

W. Clarke Wescoe 

Chairman ol the Board 
Sterling Drug Inc 

Charles A. White 

Dean of the Graduate School 
Illinois State University 

Samuel R. Williamson, Jr. 

Dean 

College of Arts and Sciences 

The University of North Carolina at Chapel Mill 

Rolf Winter 

Dean of Graduate Studies 

The College ot William and Mar> in Virginia 

Alexander Zucker 

Ass(>ciate Director 

Oak Ridge National l,ahorator\ 



43 



45 



APPENDIX F 



Indirect Costs 



1. The Components of the indirect Cost Pool 

To belter understand the controvers), it is helptul to disaggre- 
gate the indirect cost categor) into its component cost pools 
Under the present traniework established in 0MB Circular 
A-2K indirect costs are divided into the following pooN 

Average Indirect Cost 
Indirect Cost Pool Reimbursemen*s in 1984 

(1) Operation and Maintenance 2o-o 
(utilities, jai.itonal services routine 
maintenance, etc ) 

(2) Use Charges for Buildings and 

Equipment I0°o 

(or depreciation of instituttonai 

assets) 

(3) Ubraries 4^0 
(books and materials, salaries, 

expenses and fringe benefits of 
librarians and library staffs) 

(4) Student Administration and Services l°o 
(costs of registrar, deans of 

students, student advises, health 
services, etc ) 

(5) General Administration iS'^o 
(salaries, expenses and fringe 

benefits of university officials and 
university-wide offices, such as 
personnel, accounting and pay^oll) 

(6) Sponsored Projects Administration 7°o 
(salaries, expens'^s and fringe 

benefits of administrators and staff 
in offices set up to administer 
sponsored research programs; 

(7) Departmental Administration 33°o 
(salaries, expenses and fringe 

benefits of personnel [e g chairmen, 
f ecretaries and faculty] in academic 
departments and divisions, and 
organized research units attributable 
to administration activities) 

In essence, these seven pools are actually subdivisions ot two 
types of costs: the first three may be considered infrastructure 
costs and together they currently amount to approxmiately 2^ 
percent of costs, on average The second four are :»dministrati\e 
costs, and together they amount to about 26 percent of direct 
costs, on average Together, university indirect costs now con- 
stitute, on average, almost one third of total reseaah costs, or 
hall of direct costs 

2. Infrastructure Costs 

There is no universally applicable rule ot thumb for determin- 
ing whai are reasonable and necessary costs of infrastructure. 
Institutions have different expenses according to their age. geo- 
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graphic location, disciplinary specialities, etc But determining 
the intrastructuic ':osts at a single given institution :s not es- 
pecially mysterious. Th* ;osts are relativel> easy to document, 
and the types ot costs do not vary significantly from institution 
to institution The controversy over the costs of facilities and 
equipment, however. dv)es not involve uncertainty as to how 
they are determined, rather the uncertainty is iwer whether, or to 
what extent, they are recognized by all parties as legitimate, 
reasonable and necessary costs ot research In the last decade 
and a half, universities and government have been unable to 
agree on these matters 

In fact, the costs ot research facilities and equipment are 
reasonable and necessary costs of research Modern research is 
impossible without modern laboratiiries. libraries, instruments 
and computers, and the health of the university system is funda- 
mentally dependent upon the condition of these items in the 
universities. In order to fund the capital investments necessary 
tor the establishment of such facilities, many universities have 
undertaken substantial indebtedness through direct borrowing 
or the issuing of bonds. We have recommended substantial 
changes m the regulations governing use allowances for facili- 
ties and equipment in order \^^ more nearly reflect the actual 
situation in the universities 

3. Administrative Costs 

The controversy over administrative costs is quite simply over 
which cnsis should be considered reasonable and necessary 
Central to the controversy is the matter ot administrative costs 
At a time when indirect cost reimbursement rates are rising, 
many researchers suspect that some of the costs claimed for 
department.*' and sp(*nsored projects administration activities 
are. in tact neither reasonable nor necessary Departmental 
administ^aiion costs are regarded dubiously because they are 
computed substc ntially on the basis ot tacultv cttort reporting, 
sponsored project administration costs are also based in part on 
eflort reports ant^— in the view ot many researchers — reflect a 
haven for unproductive bu^'eaucrats. By and large, the univer- 
sitiev have defended ICR rate increases by pointing to increases 
III infrastructure cost pools, while researchers and governmen* 
representatives have complained about ICR rate increases by 
pointing to administrative cost pools. 

In 1983. r its study of the costs ot federally tunded R&D. the 
Presidium s Private Sector Survey on Cost Control — the Grace 
Commission — issued its Task Fane Report on Rcsean h ami 
Devf'lopmcnt. With resprct to administrative costs, the report 
concludes. 

The administrative components ot the indirect cost rate 
(departmental admmistration. general and administra- 
tion, and sponsored project administration) are the 
most difficult ctimponents to establish on the b^sis of 
documented, objeetive evidence and further attempts 
to reach a compromise on acceptable forms rf docu- 
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mentation wiK onl\ create nioi friction and trustra- 
tion InMead tixed rates should be negotiated and tiie 
ongoing requirements tor documentation ol actual 
rates should be eliminated 
It further re .ommends. 
The cogni/ant agencies should negotiate indirect cost 
rates that include a tixed rate for the admmistrative 
components and relieve the universities of the mam 
portion of the burden associated with etfort reporting 
A report released in March 1984 by the General Accounting 
Ofticc (GAO) entitled, As s«n//i,' Rensomihlcncss of Risnii* huh- 
rcit Costs on NIH Research Grants—A Dijjicult Problem, 
states 

Departmental administration expenses are subjectne 
and not easily veritied (p iv), (and notes that such 
costs) will undoubtedly be the source ot continuing 
controversy, (p vii) 

The Panel finds itself m full agreement with these findings and 
with the Grace Commission recommendation 

Government representatives, researchers and university ad- 
ministrators all described departmental administration costs in 
terms similar to those used by the Grace Commission and by 
GAO Departmental administration con ^ ises some '0-35 per- 
cent of indirect cost reimbursements (60-70 percent of ydnirn- 
istrative cost reimbursements), the largest fraction of any indi- 
rect cost pool and twice as large a fraction as the next largest 
administrative pool — genera' administration While university 
administrators will generally acknowledge that faculty effort 
reporting is nonsensical and that departmental administration 
expenses are thus difficult to justify, they contend, with some 
argument from the government and the researchers, that reim- 
bursements for the three remaining cost pools (general admin- 
istration, sponsored projects administration and student serv- 
ices) reflect reasonable and necessary adnvnistrative costs 

The next most controversial administrative pool after depart- 
mental administration, sponsored project administration, ac- 
counts for about 8 percent of indirect cost reimbursement and 
covers the administrative costs associated with the actual federal 
grant and contract process It has two components The first is 
the cost of operating separate organizational units established 
specifically to administer federal grants and contracts, the sec- 
ond covers administrative activities outside of the separate units 
which benefit fedciall> sponsoa^ i programs exclusive!) This 
latter component is based, to a large extent, on faculty etfort 
reporting and is thus subjeci to the same controversy as depart- 
mental adniinistration. 

Reimbursement for student services administratron is not 
large enough at most universities to be significant 

Finally, there is the general administration category, which 
includes the costs of the central administration of the institutions 
involved and various other miscellaneous administrative items 
Although It currently represents about 15 percent of indirect 
remibursements. the general administration category has not 
been subieci to significant ^ntroversy. rurthermore. it has not 
shown the sort of growth recently characteristic of the oihei 
administrative poi^s 



4. Diversity and Variation in Administrative Rates 

Clearly, one ot the strengths ot the U S higher education 
system is the diversity that has allovsed the svstem to develop 
centers ol excellence, in.i.tutions with unique capabilities and a 
degree of accessibility unmatched in the world 

The universities contend that the present indirect cost reim- 
bursement mechanism, b\ basing reimbursements on docu- 
mented costs. IS flexible enough to reflect and help maintain this 
diversity The present cost allocation mechanism, however, 
stimulates contusion over the manner in which already contro- 
versial costs are reimbursed Similar administrative costs can be 
charged to a number of different cost pools — uirect or indirect, 
departmental administration or sponsored projects administra- 
tion, etc. A paper prepared for the Panel by the Council on 
Governmental Relations (COGR), an association of university 
financial o^hcers lists, by example, a number of costs that are 
classified differently at different institutions Many of the dif- 
ferences in classihcation reflect differences in internal organiza- 
tion As the paper notes. 

Hssentially, the variety ot methods used to group and 
allocate costs was basically the result of the variety of 
organizational structure 

These structures in turn reflect variation in an enormous 
number of individual institutional characteristics 

One of the questions the COGR analysis sought to answei was 
why many seemingly similar institutions have such dissimilar 
administrative cost rates in both the aggregate and within specif- 
ic component pools. It concluded that there are four principal 
reasons for differences in aggregate administrative cost rates 
from institution to institution. 

1 Similar administrative costs may be charged iiidiiectly at 
one university and directly at another 

2 The same costs may be regarded as administrative eosts at 
one univers ty and as operational or plant costs at another 
(more likely, as one administrative pool at one university, 
anoti . at another) 

3 Excluding costs from the aggregate direct category can 
cause the same amount of administrative costs to be re- 
flected in a different ICR rate 

4 Hov\' vigorously an institution accounts tor costs, and 
negotiates reimbursements, iiiav altect the amount 
charged to administrative pools 

riie first three of these icasoris, aCLOiding to the CXXiR 
report. 

lesult in shilling ot costs among various iridircLl iind 
direct cost categories, the remaining reason results m 
modidcations in the total amount ot costs elaimed 
The primary reason why the total ad m i ni si i at ivc costs 
chaiged ditfer from institution to institution is siiiipiv that in- 
stitutions dilfer ill the degree ot vigoi tlicv appiv to aLLountiriL, 
foi, and ci» urging tor those costs I he l\mcl Loncludcs that theie 
does not appear to be as much variation m aLluai admiiiisiiativc 
costs as the diveisitv in the svsicm might suggest 

5. The GaO Recommendation 

To resolve some ol the cuiicnl conli o\c rs\ the 1^>S4 GAO 
icporl reconimeiids that OMH amend C^iuular t(^ ''^ leim- 
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bursenienis tor dcparlnienial adnimisiralion as a percentage a\ 
direct reinibursenienls, replacing the "cost reinibursenieni'' 
method now used The reinibursemenL suggest- the GAO re- 
port, could vary on an insiiiuiion-bv-msiiiulu)n basis, depend- 
ing on their individual circumstances, but should not rely on 
effort reporting to represent those circumstantes The reim- 
bursement should represent a reasonable amount needed lor 
effective research administration at the departmental level of 
each institution The GAO report followed a smiilar proposal by 
HHS contained in a 1983 report to Congress 

6. The Stanford and Yale Agreements 

In the meantime, two universities, Stanford and Yale, have 
undertaken to deal with the problem individually and ease their 



paperwork burdens, reduce their administrative costs and elimi- 
nate some ot the adversity created b\ the ongoing mdirecl cost 
controversy Each universitv negotiated a fixed rate lor depart- 
mental administration in exchange lor reducing ettoit reporting 
requirements Both agrecmtnts have finite durations Stanford's 
must be renegotiated after five years, Yale s after four Both 
institutions, according to the NAS Workshop on Effort Report- 
ing in A-21 made finaniial concessions in their agreements, but 
did on the stated grounds that the financial loss was out- 
weighed by the intangible gains ip the morale and spirit among 
researchers, and a greater collegiality among researchers and 
administrators 
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APPENDIX G 

A Summary History of Indirect Costs 



I950-I965 

Cost piinciplcs for indirect cost reiinburscnienl tormally worked ov\ and published in a Bureau of the 
Budget Circular A-21 in 1958 The Department ot Health. Education and Welfare set a fixed upper hunt on 
indirect cost leccner) tor grants This was 8 percent initially, changed to 1 5 percent in 1958. and 20 percent in 
1963 

1966 

Indirect cost ceiling removed Cost-sharing required i>\ law in the Department '^f Health, hducation and 
Welfare Appropriations Act 

1975-1979 

Sixth revision of Circular A-21 Revised requirements tor el tort reporting and standard basis for distribut- 
ing costs among projects 

1982 

Seventh revision of Circular A-21 Effort reporting requirements eased, and interest expense made 
alK)wabIe in specific circui^istances 
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APPENDIX H 



NUMERICAL DATA FOR FIGURE 1 NOT AVAILABLF. 



NUMERICAL DATA FOR FIGURE 2 

National R&D Funding Trends: 1953-1984 

(Cons' a ^: i972 dollars in billions) 







Federal 




Year 


Total PaD 


R&D 


Nonfederal R&D 






4 6 


4 0 


< OCA 


: 7 


5 2 


4 2 


1 QCC 




5 7 


4 4 


1 Q(^C 

lyoD 




7 7 


5 6 


1 QC7 




9 ^ 


5 6 


lyDO 


6 i 


10 2 


6 0 


I ytjy 


*5 3 


1 1 9 


6 4 


1 ybU 


19 5 


12 7 


6 9 


I yoi 


2C 5 


13 3 


7 3 


1 QCO 

1 yD<i 


2' " 


^4 0 


7 7 


1 3D J 




ICC 


8 1 


1P84 


25 9 


172 


87 


196e 


26 9 


174 


95 


1966 


28 - 


182 


102 


1967 


29 2 


182 


11 C 


1968 


29 S 


18 1 


11 7 


1969 


29 6 


.72 


124 


1970 


2S6 


163 


'23 


1971 


2- 3 


156 


•22 


t972 


26 5 


158 


127 


1973 


29 * 


1?6 


^3 5 


1974 


26 5 


148 


140 


1975 


26 2 


145 


137 


1976 


29 5 


15 1 


14 4 


1977 


3C 5 


154 


^5 1 


1978 


32 : 


159 


16 1 


1979 


33 T 


164 


•72 


1980 


35 ' 


165 


•8 6 


1981 


3e 


17 1 


•9 6 


1982 


36 2 


175 


20 7 


1983 


4C ' 


186 


21 5 


1984 


42 5 


199 


22 9 



Source National Science jndation National Patterns Science and 
Technology Resc^'ces 1984 



NUMERICAL DATA FOR FIGURE 3 

FEDERAL EXPENDITURES ON UNIVERSITY RESEARCH 
1953-1984 

(Constant 1972 dollars in millions) 





All 


Basic 


Applied 




Year 


Research 


Research 


Research 


Development 




t J4 


1 c4 


yb ou 


1 3 00 




^DO 


1 CI 


1 1J dO 


16 70 




077 


1 CQ 

1 by 


95 10 


1J 10 




jjy 




108 10 


23 80 




JD<1 


^ Jo 


95 30 


1 9 00 




J04 




yb uu 


18 10 




4DJ 


Tic 


99 20 


1 9 20 


1 Qfin 
1 you 




4Jd 


129 00 


26 20 






CC 1 

DDI 


141 50 


28 80 




ooy 


bo^ 


1 54 00 


32 60 


1 yo J 


1 UD<i 


□ CQ 

od2 


178 70 


30 70 




1 <iDU 


1 UDD 


175 00 


30 00 


1 yoD 


1 AAA 


^ 1 82 


212 00 


49 70 


r y DO 


1 04 J 


1 J 1 J 


252 70 


76 80 


1 QR7 

1 y o / 




1 422 


280 90 


79 70 


1 QdQ 

1 yoo 


1 one 

1 yuo 


1 C 1 c 

1 d1 b 


307 00 


83 00 


1 QRQ 

1 yoy 


1 043 


1 475 


283 00 


86 50 


1970 


1804 


1419 


293 30 


91 90 


1971 


1795 


1405 


304 10 


86 40 


1972 


1795 


1420 


320 00 


55 00 


1973 


1877 


1375 


420 00 


63 70 


1974 


1766 


1323 


380 60 


61 60 


1975 


1819 


1347 


410 20 


62 00 


1976 


1893 


1391 


44 ^ 20 


65 70 


1977 


1946 


1433 


433 40 


79 90 


1978 


2034 


1505 


447 40 


82 00 


1979 


2r.oo 


1574 


528 10 


97 9^ 


1980 


2295 


1598 


580 10 


116 50 


1981 


2336 


1664 


556 50 


115 30 


1982 


2295 


1640 


541 80 


113 00 


1983 


2259 


1625 


518 70 


115 20 


1984 


2429 


1780 


534 30 


114 80 



Source National Patterns of R&D Resources Funds wd Manpower ir 
the United States i953- 19 '5 National Patterns of Science ana 
Technology Resources 1964 
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NUMERICAL DATA FOR FIGURE 4 

NATIONAL EXPENDITURES TOR R&D 8Y SOUR<"E: 1966-1984 

(Constant 1972 dollars *n ',vllionS/ 





rcucMAL 


1 IMi\/CDQITlPQ 
UNIVr"Ol 1 Ito 


VPAR 


/ C D M Ik il C MT 

UUVtMNMtN 1 


^1^-^ Til 1 C^CC 


1966 


ia 180 


395 


1967 


1o 176 


434 


1968 


18 ^07 


474 


1969 


17.209 


488 


1970 


16 316 


506 


1971 


15615 


553 


1972 


15 808 


574 


^973 


15 594 


588 


^974 


14 82o 


604 


^975 


14 537 


608 


^976 


15.072 


614 


^977 


15 382 


630 


•978 


15 878 


639 


•979 


16 407 


734 


•980 


16 541 


>45 


•981 


17 124 


781 


•982 


17 8^1 


0C6 


*983 


18 622 


855 


•984 


i9 577 


916 



Source National Patterns of Science and Technology Resources, 1984 



NUMERICAL DATA FOR FIGURE 5 

PROPORTION OF NSF AND NIH GRANT FUNDS ALl.OCA^tD 
FOR PERMANENT .ABORATORY EQUIPMENT 



°o of Total Dollars Award ed 



YEAR 


NSF 


NIH 


1966 


11 2 


11 7* 


1967 


86 


11 0- 


1968 


75 


9 5- 


1969 


70 


7 5- 


1S70 


6 1 


5 9* 


197^ 


33 


6 2* 


1972 


56 


6 6* 


1973 


55 


4 9' 


^974 


54 


5 7* 


1975 


74 


46 


1976 


70 


39 


1977 


62 


43 


1978 


73 


44 


1979 


84 


46 


1980 


79 


39 


1981 


86 


33 


1982 


90 


32 


1983(est) 


103 


34 


I984(es0 


139 


3 6 



•Includes only date f om the National Cancer Institute, the National ln« 
stituta oi General Medical Sciences, and *he National Heart and Lung 
institute 

The NSF dP*** is obtained from Science Indicators. 1 974. and Jim Hoehn. 
oersonai communication. The NIH data mrough ^^'^^ is obtained nom 
"science Indicators, i S74 After 1 974. the data is from internal :^\H files, 
and reflects the total contribution of grant frnds to equipment 
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NUMERICAL DATA FOR FIGURE 6 NOT AVAILABLE. 



NUMERICAL DATA FOR FIGURE 7 

FEDERAL SUPPORT FOR RESEARCH AND DEVELOPMENT. 
1953-1984 

(constant 1972 do'< as in rr Hions) 



Year 


To^al 


Bastc 


AnnliPH 


L/CV . niCiil 


1953 


4 649 


421 


1 260 


2 PCS 


1954 


5.257 


444 


1 377 


3 436 


1955 


5 754 


469 


1 331 


3 905 


1956 


7 725 


548 


1 609 


5 563 


1957 


9 41 1 


627 


1 987 


6 796 


1958 


10 280 


696 


2 222 


7 361 


r^59 


11 936 


903 


2 405 


8.b29 


1960 


12 673 


1 030 


2 442 


9 201 


1961 


13 372 


1 214 


2 604 


.■^5'=* 


' j62 


14 069 


1 546 


301D 


9 503 


1963 


15 671 


1 830 


3 080 


'.0 761 


1964 


17 264 


2 194 


3 442 


11 628 


1G65 


17 443 


241^ 


3 379 


11 649 


1966 


18 180 


2 57^ 


3 3b9 


12 250 


1967 


18.176 


2 774 


? 398 


12 004 


1968 


18 108 


2 837 


3411 


11 860 


1969 


17 209 


2 829 


3 221 


11 159 


1970 


16316 


2 733 


3 377 


10 209 


1971 


15615 


2f^^ 


3.141 


9 830 


1972 


15 808 


2 633 


3 10^ 


10071 


1973 


15 594 


2 589 


3 234 


9 771 


1974 


14 826 


2 589 


3 124 


9 113 


1975 


14 537 


?540 


3 173 


8 824 


1976 


16 072 


2 604 


3 434 


9 034 


1977 


15 382 


2 718 


3 405 


9 259 


1978 


15 879 


2 956 


3 478 


9 444 


1979 


16 407 


3 085 


3 592 


9 730 


1980 


16 541 


3 128 


3 709 


9 704 


1981 


17 124 


3 199 


3 831 


10. 


1982 


17 841 


3 160 


3 719 


10.962 


1983 


.8 622 


3 205 


3 738 


11 679 




19 577 


3 427 


I 701 


:2 449 



Source National Patterns of R&D Ress^'ces Funds 3nd Manpo^'^r ir> 
the United States i9d3-19'*5 \auonal Patterns Sen :e and 
Technology Resources 198-1 



NUMERICAL DATA FOR FIGURE 8 

FEDERAL NC.>lDEFENSE R&D EXPENDITURE"^ 1975-1984 

(Constant 1972 do 3'S m millions) 





Basic 


Aco'ied 




Year 


Pesparrh 


Rp«^^nrch 


Development 


1975 


1871 6 


3' 88 6 


3758 6 


1976 


1843 7 


2' 8 


3803 0 


1977 


2060 6 


2 . 2 


4061 4 


1978 


2186 5 


2937 b 


4326 5 


1979 


2276 9 


2936 6 


4355 6 


1980 


2317 0 


29^55 


"650 9 


1981 


2273 7 


2651 4 


3578 4 


1982 


2317 7 


2549 7 


2778 4 


1983 


2451 1 


26-7 1 


21172 


1984 


25^8 0 


2360 1 


2062 8 



Source National Patterns of Science a'C Technology Resources. 1 984 
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NUMERICAL DATA FOR nGURE 9 

PERCENT OF NATIONAL SCIENCE AND ENGINEERING DOCTORAL DEGREES RECEIVED BY NON-RESIDENT FOREIGNERS, SELECTED 

DISCtPUNES: 1960-1984 



Year 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

Source 



Phys 
Sci_ 

8 89 
10 70 
n 20 
10 73 

10 4^ 

n 24 

1 I 52 

11 5^ 
1025 

9 77 
9 32 
9 19 

10 59 
1268 

13 16 

14 88 
1506 

14 92 

15 20 
155^ 

16 8S 
16 32 
18 78 
^923 
1982 



Earlh. 
Marine, 
Env Sci 

13 83 
1382 

9 23 
1583 
12 '^5 

12 26 
1287 

14 1 1 

14 93 

15 38 

13 92 
8 15 

10 59 

11 51 

16 05 

14 98 
14 88 
14 40 
lO^^I 
I0b9 

12 73 
14 57 
12 32 
16^14 

17 26 



Math Comp 
Scienc es 

15 12 
1325 
^6 75 

12 62 

13 60 
11 09 
1261 
1 1 08 
1 1 53 
1065 
10 93 
1227 

13 19 

14 03 
18 49 
'7 17 
1824 
17 63 
1887 
21 75 
1891 
23 5. 
26 7C 
28 4/ 
32 29 



Agricul 
Sciences 

21 98 
21 CO 
23 8k 
193^ 

26 11 

29 86 

30 38 
30 03 

28 65 

27 93 
2^ 75 

26 ?4 

27 16 
27 36 
33 04 

29 50 

30 96 
32 86 

31 30 
30 99 

32 45 

33 09 
27 33 

30 24 

31 29 



Biolog 
Sciences 

11 87 

13 90 

14 38 

13 84 

14 68 
1563 
M66 

12 62 
12 73 
10 £3 
10 74 

8 53 
847 

12 16 
1041 

9 06 
8 76 
913 
8 30 
8 14 
7 78 

7 57 

8 81 
861 

9 29 



rota* 
Eng_ 

16 24 

16 38 

17 92 
15 C4 
^4 84 

15 36 

16 73 
15 7C 
^527 
1408 
137^ 
14 80 
14 81 

18 ,8 
22 37 

27 14 

28 68 

29 24 

31 69 

32 7j 
3132 

37 26 

38 92 

42 07 

43 ;9 



Foreign Cozens .r U S Science and Engineering History Statuj. and Outlook/ Prepared by National Science Foundation. Directorate fo- 
bcientific Techno ogicai. and international Affairs Division of Science Rescjrces Studies Table B-21 
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